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10.13 SWMU 100, Satellite Accumulation Area, Building 218 

SWMU 100, SAA 63, is a less-than-90 day accumulation area located adjacent to Building 218. 

The operation dates of the SAA are not known. The unit consists of closed 55-gallon drums 

accumulated on an asphalt-paved area. This unit has no containment structures. 

Materials of concern at SWMU 100 include metals, paints, epoxies, solvents, used blasting grit, 

and petroleum hydrocarbons. Potential receptors that may be exposed to site contaminants include 

current and future building users and any site workers this area may support following base 

closure. The subsurface utility distribution system (including storm and sanitary sewers) in this 

area has acted as a conduit for moving any product or waste released within Zone E, and thus 

could expose personnel working on any of these subsurface systems, as well as providing a 

contaminant route to the Cooper River, which borders Zone E along its northeastern side. 

To fulfill the RFI objectives for SWMU 100, soil and groundwater samples were collected in 

accordance with the Final Zone E RFI Work Plan and Section 3 of this report to determine whether 

contamination resulted fiorn onsite activities. 

10.13.1 Soil Sampling and Analysis 

Soil was sampled in one round at S WMU 100 from the locations shown in Figure 10.13.1. The 

Final Zone E RFI Work P h  proposed collectmg two soil samples from the upper interval and two 

from the lower interval. Soil samples were also collected at both intervals for the shallow 

monitoring well location proposed at this site. All proposed samples were collected and submitted 

for analysis at DQO Level ID for organotins and the standard suite of parameters which includes 

VOCs, SVOCs, pesticidesIPCBs, metaIs, and cyanide. No duplicate samples were collected at 

SWMU 100. Table 10.13.1.1 summarizes soil sampling at SWMU 100. 



- SOIL BORINGS 
- CORE SAMPLES 

- DEEP MONITORING WELLS 
- SHALLOW MONITORING WELLS 
- SEDIMENT SAMPLES 
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Table 10.13.1.1 
s m  100 

Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Proposed Collected Deviations 

upper 3 3 Standard Suitea, Standard Suitea, None 
organothw oxganotins 

Lower 3 3 Standard Suite" Standard Suitea, None 
organotins organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticidestPCB 

10.13.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 10.13.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.13 2 . 2 .  Appendix H contains the complete 3 

data report for all samples collected in Zone E. 4 

Table 10.13.2.1 
SWMU 100 

Organic Compounds Detected in Soil (@kg) 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

2-Butanone WEK) Lower 3 13 6.00 - 20.0 10.7 NA NA 

1.1-Dichforoethane tower 113 2 2 N A NA 

Notes: 
&kg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
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Table 10.13.2.2 
SWMU 100 

Inorganic Detections for Soil (mg/kg) 

Number of 
Range of Mean of Samples 

Sampling Freq. of] Detected Detected Industrial Reference Exceeding 
Element Interval Detection Conc. Conc. RBC Conc. RBC and RC 

Aluminum {Al) UPP~ 313 4,580 - 6,780 5,310 L00,000 26,MX1 0 

tawu 3f3 16,800 - 24,800 20,200 N A 41,100 N A 

Antimony (Sb) Lower 313 0.760 - 1.000 0.863 N A 1.60 N A 

Barium (Ba) U P F ~  313 7.10 - 21.0 12.5 14.000 130 0 

Cadmium (Cd) Lower 1 /3 0.410 0.410 N A 0.960 N A 

Chromium (Cr) Upper 313 4.70 - 13.4 7.63 1.000 94.6 0 

Lower 313 38.6 - 53.8 46.9 N A 75.2 N A 

CoWr (Co) Upper 313 0.240 - 3.10 1.98 12,000 19.1) 0 

Lower 313 3.20 - 8.30 6.30 N A 14.9 N A 

Lower 313 22.6 - 47.1 34.7 N A 152 N A 

Iron (Fe) 313 3,570 - 4,900 4,130 61,000 N A 0 

Lower 313 13.500 - 39,000 27,800 N A N A N A 

Magnesium (Mg) Upper 3/3 124 - 759 343 N A N A N A 

Lower 313 3,980 - 8,070 5.360 NA N A NA 
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Table 10.13.2.2 
SWMU 100 

Inorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of Samples 

Sampling Freq. ofl Detected Detected industrial Reference Exceeding 
Element Interval Detection Conc. Conc. RBC Conc. RBC and RC 

Manganese (Mn) Up~er 3f 3 6.80 - 44.7 20.2 4,700 302 0 

fmwr 3 0  288 - 348 278 NA 88 1 NA 

Mercury (Hg) Upper 113 0.0600 0.0600 61.0 2.60 0 

Lower 313 0 . W  - 0.470 0.273 N A 1.59 N A 

Potassium (K) Upper 113 617 617 NA N A N A 

Lower 3/3 2,110 - 3,590 2,780 N A N A N A 

Selenium (Se) UPF~ 113 0.770 0.770 1 1.70 0 

h w r  313 t .a - 2.60 2.20 NA 2.40 N A  

Sodium (Na) upper 113 300 300 N A N A N A 

Lower 313 374 - 756 617 N A N A N A 

Zinc (Zn) Upper 3/3 4.50 - 21.5 11.8 61,000 827 0 

Lower 313 81.2 - 191 133 N A 886 N A 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration 
N A = No mdustrial RBC or RC established 

Volatile Organic Compounds in Soil 1 

Three VOCs were detected in soil samples collected at SWMU 100. One detection occurred in 2 

the upper interval and seven in the lower interval. No VOC was detected above its respective 3 

industrial RBC in the upper interval or respective SSL in the lower interval. 4 
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Semivolatile Organic Compounds in Soil 

No SVOCs were detected in soil samples collected at SWMU 100. 

Pesticides and PCBs in Soil 

No pesticides or PCBs were detected in soil samples collected at SWMU 100. 

Other Organic Compounds in Soil 

No other organic compounds were detected in soil samples collected at SWMU 100. 

Inorganic Elements in Soil 

Twenty-two metals were detected in soil samples collected at SWMU 100. Forty-eight detections 

occurred in the upper interval and 62 in the lower interval. No metals exceeded both their 

respective industrial RBC and background RC in the upper interval. One metal - arsenic - 
exceeded both its respective SSL and background RC in the lower interval. 

Arsenic was detected in three of three of lower-interval samples with a range of 10.8 to 

23.6 mglkg and a mean of 17.6 mglkg. One lower-interval sample (100SB001, 23.6 mglkg) 

exceeded both the arsenic SSL of 15 mglkg and the background RC of 19.9 mglkg. 

10.13.3 Groundwater Sampling and Analysis 15 

One shallow monitoring well was installed and sampled to assess groundwater quality at 16 

SWMU 100 as shown in Figure 10.13.2. The well was installed as follows: 17 

Shallow Well installed at SWMU 100 - NBCElOOOOl 18 

Groundwater samples were submitted for analysis at DQO Level I11 for VOCs, SVOCs, 19 

pesticideslPCBs, metals, cyanide, chlorides, sulfates, TDS, and organotins. No samples were 20 



- SOIL BORINGS 
0 - CORE SAMPLES 
@ - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 
A - SEDIMENT SAMPLES 

- THICKNESS SAMPLES 
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selected as duplicates at this site. Table 10.13.3.1 summarizes groundwater sampling and analysis 1 

at SWMU 100. 2 

Table 10.13.3.1 
SWMU 100 

Groundwater Sampling Summary 

Wells Wells 
Depth Proposed Installed Analyses Proposed Analyses Collected Deviations 

Shallow t 1 Standard Suiteb, Standard Suiteb, None 
chlorides, TDS, sulfates, chlorides, TDS 
and organotins sulfates, and organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

The shallow monitoring well was installed at 12.5 feet bgs in the surficial aquifer in accordance 3 

with Section 3.3 of this report. 4 

10.13.4 Nature of Contamination in Groundwater 5 

Inorganic analytical results for groundwater are summarized in Table 10.13.4.1. No organic 6 

compounds were detected in shallow groundwater at SWMU 100. Appendix H contains the 7 

complete data report for all samples collected in Zone E. 8 

Table 10.13.4.1 
SWMU 100 

Inorganic Detections for First-Quarter Groundwater hglL) 
Shallow Monitoring Wen 

Range of Mean of 
Freq. of Detected Detected Tap Water Reference 

Number of 
Samples 

Exceedine 
Element Detection Conc. conc. RBC Conc. MCL lUiC andcc  

Arsenic (As) i/f 20.6 20.6 0.0450 18.7 50.0 1 

Calcium (Ca) 111 148,000 148.000 NA NA N A N A 
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Table 10.13.4.1 
SWMU 100 

Inorganic Detections for First-Quarter Groundwater @glL) 
ShaLIow Monitoring Well 

Ranee of Mevl of 
Number of 

Samples 
Freq. of ~ e t & e d  Detected Tap Water Reference E X C & ~  

Element Detection Cone. Conc. RBC Conc. MCL RBC and RC 

Magnesium (Mg) 111 65,300 65,300 N A N A N A N A 

Nickel (Ni) 111 1.20 1.20 73.0 15.2 100 0 

Sodium (Na) 111 658,000 658.000 N A N A N A N A 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Nine metals were detected in the shallow groundwater sample collected at SWMU 100. Two 

metals - arsenic and iron - exceeded both their respective tap-water RBC and shallow 

groundwater RC . 

Arsenic was detected in well NBCEl 00001 (20.6 pg/L), exceeding both the arsenic tap-water RBC 

of 0.0450 pglL and shallow groundwater RC of 18.7 pg/L. The sample did not exceed the arsenic 

MCL of 50.0 pglL. 

Iron was detected in well NBCElOOOl (7,590 pglL), exceeding the iron tap-water RBC of 

1,100 pg1L. No shallow groundwater RC or MCL has been established for iron. 
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10.13.5 Fate and Transport Assessment for SWMU 100 

SWMU 100 is a less-than-90 day accumulation area adjacent to Building 218, consisting of closed 

55-gallon drums accumulated on asphalt, with no other containment structures. The surrounding 

area is paved, with engineered drainage. Environmental media sampled as part of the SWMU 100 

RFI include surface soil, subsurface soil, and shallow groundwater. Potential constituent 

migration pathways investigated for SWMU 100 include soil to groundwater, groundwater to 

surface water, and emission of volatiles from surface soil-to-air. 

10.13.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.13 -5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) background RCs. 

To provide a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed 

to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

No organic constituents were detected in SWMU 100 soil (surface or subsurface) above 

groundwater protection SSLs. Selenium was the only inorganic constituent detected in subsurface 

soil above its generic SSL. However, it was not detected in first-quarter groundwater samples, 

indicating that the current soil-groundwater equilibrium is sufficiently protective of the surficial 

aquifer. Selenium only slightly exceeded its generic SSL of 2.5 mglkg and background reference 

value of 2.4 pglL in one sample with a concentration of 2.6 mglkg. This concentration is likely 

indicative of prevailing background conditions. No inorganics were detected in SWMU 100 

surface soil above groundwater protection SSLs or background reference values. 
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10.13.5.2 Groundwater-to-Surface Water Cross Media Transport: Tier One 

Table 10.13.5.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or (b) background RCs for groundwater, as well as to the saltwater 

surface water chronic values. To provide a conservative first-tier screen, no attenuation or 

dilution of constituents in groundwater is assumed before comparison to the relevant standards. 

No organic constituents were detected in SWMU 100 shallow groundwater. Arsenic was the only 

inorganic constituent detected in shallow groundwater at a concentration that exceeded its 

background reference value (1 8.7 pglL) for groundwater. However, the detected concentration 

of 20.6 pIL is below arsenic's MCL of 50 p1L. No constituents were detected in groundwater at 

concentrations exceeding salt water surface water chronic screening levels. 

10.13.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.13.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF = 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for SWMU 100 is 184,000: 1 (see Table 6.2.1). 
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None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.13.5.4 Soil-to-Air Cross Media Transport 

Table 10.13.5.3 lists the single VOC (acetone) detected in surface soil samples collected at 

SWMU 100 along with its corresponding soil-to-air volatilization screening level. Little or no 

surface soil is exposed at SWMU 100. In addition, acetone was reported at a maximum 

concentration below its corresponding soil-to-air volatilization screening level. As a result, the 

soil-to-air migration pathway is not expected to be significant at SWMU 100. 

10.13.5.5 Fate and Transport Summary 

In the first-tier screen, selenium was detected above its generic SSL in one subsurface soil sample. 

Arsenic exceeded its background reference value in the single first-quarter sample from the 

shallow aquifer, but its concentration in this sample was below its respective MCL. 

None of the constituents exceeding first-tier screening values also exceeded the adjusted screening 

values of the second-tier comparisons, indicating that there is no threat to surface water in the 

Cooper River via the evaluated migration pathways. 



Table 10.13.5.1 
Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to S S h ,  Tap Water RBCI, Salt Water Surface Water Chronic Screening Levels, and Background Concenkrations: Tier One 
NAVBASE-Charleaton, Zone E: SWMU 100 
Charleston, South Carolina 

* Screening Concentrations: 
Soil to GW - Gencric SSLs based on DAF = 10, adapted fiom 1996 EPA Soil Screening Guidance or calculated wing valua from Table 6.2 
Tap Water EU3C - From EPA Region I11 Risk-Based Concentration Table, June 3, 1996 
Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ewlogical Risk Assessment, Novmber, 1995; Table 2 

In each case, the value shown i s  the greater of the relevant screening value or the corrqmnding background rcfercncc value 

Unils: See notes for Table 10.1.5.1 

4 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

Parameter 

Volntile Orgnnic Compounds 
Acetone 
2Butanone (MEK) 
1,l-Dichloroethane 

Inoganlc Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 

CWR. 
Cyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Max. Concentration 

Shallow Deep 
GW GW 

ND NA 
ND NA 
ND NA 

ND NA 
ND NA 

20.6 NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

1110 NA 
ND NA 
1.2 NA 
ND NA 
1.4 NA 
ND NA 

Max. Concentration 

Surface Subsurface 
Soil Soil 

16 130 
ND 20 
ND 2 

6780 24800 
ND I 
2.3 23.6 
2 1 50.7 

0.3 1.6 
ND 0.41 

13.4 53.8 
3.1 8.3 
5.3 47.1 

0.56 2.9 
16.7 64 
44.7 348 
0.06 0.47 

5.5 19.4 
0.77 2.6 
12.6 79.8 
21.5 191 

Screening Concentration * 
Soil to Salt Wtr. 
GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
4000 1900 NA 

11500 810 NA 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 

32 1.2 NA 
4 18 9.3 

94.6 37000 103 
19 2200 NA 

152 1500 
20 730 

400 15 8.5 
881 2560 
2.6 11 0.2 

77.1 730 42.2 
2.5 180 71 

3000 260 NA 
6000 llOO0 86 

Soil Water 
Unih Units 

uwta v a t  
UGMG WGL 

UOMG UGL 

MGKG UGL 

MWO urn 
MGICG uaz 
MMG urn 
MGKQ uaz 
M ~ G  urn 
MGKG UC% 

umo uoh 
2 . 9 ~ w t ~  uaz 

3 7 . 3 ~ ~ 3 ~ ~  UWL 

MGKG ucn. 
NAMGKG urn 

MOMG urn 
MGICG uaz 
MGICG urn 
MGICO urn 
MGICG uon 



Table 10.13.5.2 
Chemicals Detccted in Surface Soil, Subsurface Soil, or Shallow Groundwater at Concentrations Exceeding any Initial Screening Concentration 
Comparison to Combined EcologicaLflIuman Health RBCa Adjusted for Surface Water Dilution, and to SSLs Based on Adjusted EcologicaVHuman Health RBCs: Tier Two 
NAVBASE-Charleston, Zone E: SWMU 100 
Charleston, South Carolina 

* Initial Screening Concentrations: See notes for Table 10.1.5.2 
In this table, the screening values shown are not adjusted for background reference values. 

Parameter 

Inorganic Compounds 

Arsenic 
Seknium 

if Adjusted Screening Concentrations: See not- for Table 10.1.5.2 
Adjwted Eco/HH Groundwater RBC - Combined EcoM-I Surfacc Water RBCs multiplied by site-specific surfdce water dilution factor of 184,000: GW concentrations protective of surface water 

Units: See notes for Table 10.1.5.2 

Max. Concentration 

Surface Subsurface 
Soil Soil 

2.3 23.6 
0.77 2.6 

Max. Concentration 

Shallow Deep 
GW GW 

20.6 NA 
ND NA 

Initial 
Somning Concentsations * 

Soil to Salt Wtr. 
OW Tap Water S u d  Wtr. 
SSL RBC Chronic 

14.6 0.045 36 
2.5 180 7 1 

Adjusted Screening Concentrations # 

Combined Adjusted Target 
E c o M  Eco/HH Leaohate SSL Adjusted 

Surf. Wtr. GW Canc. Multi- SSL 
RBC RBC (DAF=l) plicr (DAF=l) 

0.045 8.28E+03 50 1.66E-tO2 2.42E+02 
71 I.31E+07 50 2.61E+05 6.53E+04 

Unib 

Soil Water 
Units Units 

MGKG Ucn 
MGKG UGR 

Screening Results 

Surface 
Water 

Leaching Migration 
Potential Concern 

NO N o  
NO NO 



Table 10.13.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: SWMU 100 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 hsk-Based Concentration Table, June 1996. 

VOCs 

Acetone 

Maximum 
Concentration Soil to 

in Surface Air Exceeds 
Soil SSL* Units S SL 

16 62000000 UGKG NO 
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10.13.6 Fixed-Point Risk Evaluation for SWMU 100 

10.13.6.1 Site Background and Investigative Approach 

SWMU 100 is a former satellite accumulation area (Building 218), which was once used to store 

hazardous waste, and is located in a highly industrialized portion of Zone E. As a result, the risk 

assessment for this site is presented as a FRE following the framework presented in Section 7.3. 

A total of three surface soil samples were considered in the SWMU 100 FRE. One shallow 

monitoring well was installed as part of the 1995 RFI. Surface soil and groundwater data 

generated from the first-quarter RFI sampling event are used to represent point risWhazard for the 

SWMU 100 FRE. Sections 10.13.1 and 10.13.3 contain summaries of the sampling effort for 

SWMU 100 soil and groundwater. 

10.13.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.13.6.1 provides CPSS summaries for SWMU I00 soil and identifies COPCs based on 

comparison to residential and industrial W C s  and background RCs. Concentrations of arsenic 

and beryllium were reported at levels exceeding residential RBCs. However, none of the reported 

concentrations for these chemicals exceeded corresponding background RCs. Cyanide was 

reported at a concentration exceeding its corresponding background RC, but was eliminated from 

further consideration in the FRE because it did not exceed its residential surface soil RBC. 

Therefore, no COPCs were identified in surface soil for the residential scenario at SWMU 100. 

SWMU 100 surface soil data were not sufficient to perform Wilcoxon rank sum test analyses, and 

as a result, arsenic and beryllium were eliminated from the soil FRE based on direct comparison 

of their maximum concentrations to their background RCs. 
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Industrial Scenario 

No chemical concentrations were reported at levels exceeding industrial RBCs. Therefore, no 

COPCs were identified in surface soil for the industrial scenario at SWMU 100. 

10.13.6.3 Fixed-Point Risk Evaluation for Groundwater 

Residential Scenario 

Table 10.13.6.2 provides CPSS summaries for SWMU 100 groundwater and identifies COPCs. 

Arsenic was identified as a groundwater COPC in the shallow aquifer. COPC identification was 

based on comparison of first-quarter groundwater concentrations to tap water RBCs, as well as 

corresponding background concentrations for inorganics. Manganese was detected at a 

concentration exceeding its RBC, but was eliminated from further consideration because it did not 

exceed its corresponding background RC . 

Table 10.13.6.3 summarizes the COPCs identified in the SWMU 100 monitoring well sampled 

during the first quarter. Risk projections above IE-06 were associated with the arsenic 

concentration in the groundwater sample collected from monitoring well NBCE100001. The risk 

estimate was approximately 5E-4 for arsenic. Figure 10.13.3 illustrates the groundwater data as 

a function of point-specific risk projections. 

Monitoring well NBCElOOOOl produced results corresponding with an arsenic HI above unity, 

as well. Arsenic was the sole contributor to HI projections for the corresponding groundwater 

sample. The hazard quotient for arsenic was approximately 4, with no other chemicals 

contributing to the cumulative HI. Figure 10.13.4 illustrates the groundwater data as a function 

of point-specific hazard projections. 
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10.13.6.4 Uncertainty 

SWMU 100 uncertainty issues specific to the FRE and essential to the risk management process 

are presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued comrnercial/industria1 use of 

Zone E, specifically as a marine cargo terminal and drydocking facility. The ground surface 

around SWMU 100 is currently covered with either asphalt or concrete. As a result, chronic 

exposure to current soil condition is highly unlikely and the associated direct contact exposure 

pathways evaluations overestimate risk and hazard. If this area were to be redeveloped, the 

buildings and other structures would be demolished, and the surface soil conditions would likely 

change - the soils could be covered with landscaping soil and/or a house. Consequently, chronic 

exposure to current surface soil conditions would not be likely under any future use scenario. 

These factors indicate that exposure pathways assessed in this FRE would generally overestimate 

the risk and hazard posed to currentlfuture site workers and future site residents. However, no 

COPCs were identified in surface soils at SWMU 100. Therefore, uncertainty is low for the 

surface soil pathway. 

Groundwater is not currently used as a potable water source at SWMU 100, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 
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unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of RiskIHazard 

Soil 

A conservative screening process was used to identify COPCs for SWMU 100. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens, the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, none were 

reported at concentrations within 10% of their RBCs. 

Arsenic and beryllium were present in SWMU 100 surface soil at concentrations above RBC 

benchmarks and were eliminated from consideration in the FRE based on comparison to 

background concentrations. As a result, their contribution to risk and hazard has not been 

considered for the surface soil pathways in this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none were 

reported at concentrations within 10% of their RBCs. 
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Because data was collected from only one monitoring well at SWMU 100, inherent uncertainty 

is great. A comparison of the maximum reported concentration of arsenic at SWMU 100 was made 

with arsenic concentrations reported at nearby wells (NBCE590001, NBCE102001, GDEGW006, 

and GDEGWW) in an effort to reduce uncertainty and help to define the extent of contamination 

at SWMU 100. Arsenic was reported at 19.9 mg/L (NBCE590001), 5.1 mg/L (NBCE102001), 

18.7 mg1L (GDEGW006), and 9.4 mg/L (GDEGW009). The arsenic concentration reported at 

NBCE590001 exceeded the RC of 18.7 mg/L. The arsenic concentration reported at GDEGW006 

was approximately equal to the RC. All nearby arsenic concentrations were less than the maximum 

reported concentration of arsenic at SWMU 100, 20.6 mg/L. 

In addition, monitoring well NBCElOOOOl was assumed to be a hypothetical future well supplying 

potable water to a single household. In this scenario, quarterly sample results from NBCElOOOOl 

were used to monitor SWMU 100 groundwater COPCs for a year. Concentrations previously 

addressed in this FRE were reported in the first-quarter sample. Arsenic concentrations were 

reported at 22.3 mglL in the second quarter of sampling, 12.2 mg/L in the third, and 13.5 mg/L 

in the fourth. The arithmetic mean of arsenic concentrations collected quarterly from monitoring 

well NBCElOOOOl is 17.2 mg/L, which is less than its corresponding background RC of 

18.7 mg/L, and could the sporadic exceedances be indicative of variability in ambient 

concentrations. 

Based upon proximate well and subsequent quarterly results at NBCE100001, it is considered that 

risk and hazard posed by arsenic have been overestimated in this F M .  Arsenic was detected at 

concentrations greater than its corresponding background RC, only in the first two sampling 

quarters at NBCE100001. The two latest sampling rounds yielded arsenic concentrations below 

the RC, indicating that arsenic risk and hazard is likely an overestimate. 
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10.13.6.5 FRE Summary 

The risk and hazard posed by contaminants at SWMU 100 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first- 

quarter data and considers the ingestion pathway. Risk and HI estimates for the groundwater 

pathway are presented on Table 10.13.6.3, such that a risk (E-06) or HI that exceeds one for any 

COPC at any given sample location is an indication that the concentration of that COPC (arsenic) 

exceeds its RGO. Section 7, Table 7.13.1 provides residential groundwater RGOs for COPCs 

identified in Zone E. 

Soil - Residential Scenario 

No COPCs were detected in SWMlJ 100 surface soil at concentrations above their residential 

RGOs. 

Soil - Site Worker Scenario 

No COPCs were detected in SWMU 100 surface soil at concentrations above their industrial 

RGOs. 

Groundwater - Residential Scenario 

Arsenic was detected in SWMU 100 groundwater at concentrations above its residential RGO and 

RC. Arsenic, however, did not exceed its MCL of 50 mg/L. 
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Table 10.1 3.6.3 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
SWMU I00  

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
100 GOO1 Arsenic (As) 20.60 UGlL 459.5695 100.00 4.3896 100.00 

Total 459.5695 4.3896 
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10.13.7 Corrective Measures Considerations 

For SWMU 100, the upper and lower soil intervals and shallow groundwater were investigated. 

Based on the analytical results and the risk assessment, COCs requiring further evaluation through 

the CMS process were identified for the shallow groundwater. However, residential use of the 

site is not expected, based on current site uses and the nature of surrounding buildings. Current 

reuse plans call for continued commercial/industrial use. Since the site soil is capped with asphalt, 

chronic exposure to current surface soil conditions is highly unlikely. 

Arsenic was identified in the shallow groundwater at concentrations that equal a risk of 4E-04 and 

an HI of 4, The single groundwater monitoring well installed is insufficient for determining 

whether a plume exists. Human health risk may not be a significant factor since the groundwater 

is not a potable drinking water source even though the associated risk is above USEPA's 

acceptable range of 1E-06 and 1E-04. Further assessment is needed to evaluate the natural 

attenuation process and potential discharge to surface water associated with arsenic in the shallow 

groundwater. 

Potential corrective measures for the impacted medium and its respective COC are in 15  

Table 10.13.7.1. 16 

Table 10.13.7.1 
Potential Corrective Measures for SWMU 100 

Medium Compounds Potential Corrective Measures 

Shaltow Groundwatef Arsenic a) No Action 
b) intrinsic Remediation and 

Monitoring 
C) Ex-Sib, Chemical and 

Pbysid TreatMent 
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10.14 SWMU 102, Mercury Spill, Building 79 

SWMU 102 is a mercury spill under the central portion of Building 79 which housed an ordnance 

shop from 1943 to 1966. 

No environmental media data collected from previous investigations have been found for this site. 

However, several incidents involving hazardous material spills, as well as cleanup activities, have 

been documented since 1976. The most noteworthy was the discovery of a pool of mercury under 

the floor inside the central portion of the building. Mercury was reported to have been spilled and 

seeped under the floor, forming an approximately 10-foot diameter pool. The mercury release 

reportedly occurred in 1969. The level of cleanup conducted is not known. 

Materials of concern at SWMU 102 include metals, mercury, and petroleum hydrocarbons. 

Potential receptors that may be exposed to site contaminants include current and future building 

users and any site workers this area may support following base closure. 

To fulfill CSI objectives for SWMU 102, soil, groundwater, and air were sampled in accordance 

with the Final Zone E RFI Work Plan and Section 3 of this report to determine whether 

contamination resulted from onsite activities. 

10.14.1 Soil Sampling and Analysis 

Soil was sampled in three rounds at SWMU 102 from the locations shown in Figure 10.14.1. The 

Final Zone E RFI Work Plan proposed collecting eight soil samples from the upper interval and 

eight samples from the lower interval. Soil samples were also collected at both intervals for the 

shallow monitoring well location proposed at this site. 



0 - CORE SAMPLES 
- DEEP MONITORING WELLS 

NAVAL BASE CHARLESTO 

@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 
A - SEDIMENT SAMPLES 
a - llilCKNESS SAMPLES 



Draji Zone E RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

First-round Sampling - During the first round of sampling, all 9 proposed upper-interval 1 

samples and 9 lower-interval samples were collected and submitted for analysis at DQO Level 111 2 

for organotins and the standard suite of parameters which includes VOCs, SVOCs, 3 

pesticides/PCBs, metals, and cyanide. One upper-interval sample was selected as a duplicate and 4 

was submitted for analysis at DQO Level IV for Appendix IX analytical parameters to include s 

mercury, herbicides, hexavalent chromium, organophosphorus pesticides, and dioxins. 6 

Table 10.14.1.1 summarizes first round soil sampling at SWMU 102. 7 

Table 10.14.1.1 
SWMU 102 

First Round Soil Sampling Summary 

Samples Samples Analyses A n a l ~ m  
Collected Deviations 

UPF~ 9 3 Srandard Suite', Standard Suitea, None 
otgmotins arganotins 

Lower 9 9 Standard Suitea, Standard Suitea, One simple was 
organotins organotins analyzed for TPH- 

GRO and TPH- 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticidesIPCB 

Second and Third-round Sampling - Second and third round sampling were performed at a 

SWMU 102 after first round sampling was completed to more accurately delineate the mercury 9 

contamination plume. Thuty-seven upper- and 37 lower-interval samples were proposed during 10 

the second and third rounds. Thirty-four of the 37 proposed upper-interval samples and 30 of the 1 1  

37 proposed lower-interval soil samples were collected. 12 

The upper-interval samples at 102SB010, 102SBOl1, and 102SB012 were only screened 13 

for mercury vapor. The lower-interval samples at those locations could not be collected due to 14 
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subsurface obstructions. Lower-interval samples at 102SBO14, 102SB019, 102SB026, and 

102SB038 could not be collected due to subsurface obstructions. 

All second and third round samples were submitted for analysis for mercury at DQO Level 111. 

Six of the additional samples (three upper-interval and three lower-interval) were duplicated and 

submitted for analysis at DQO Level IV for mercury only. Two of the additional samples from 

the upper interval were duplicated and submitted for analysis at DQO Level IV for Appendix IX 

analytical parameters including SVOCs, pesticides, metals and cyanide. Table 10.14.1.2 

summarizes second and third round soil sampling at SWMU 102. 

Table 10.14.1.2 
SWMU 102 

SecondlThird Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Proposed Collected Deviations 

UW 37 34 Mercury Mercury Three upper-interval samples 
d nat be collected due to 
s* dwations* One 
sample was analpd for TPH- 
GRO and TPH-DRO 

Lower 37 30 Mercury Mercury Seven lower-interval samples 
could not be collected due to 
subsurface obstructions. One 
sample was analyzed for TPH- 
GRO and TPH-DRO 

10.14.2 Nature of Contamination in Soil 9 

Organic compound analytical results for soil are summarized in Table 10.14.2.1. Inorganic 10 

analytical results for soil are summarkd in Table 10.14.2.2. Appendix H contains the complete 1 I 

data report for all samples collected in Zone E. 12 



Drafr Zone E RCRA Facility Invesrigalion Report 
NA WASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Table 10.14.2.1 
SWMU 102 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Snmples 

Sampling Freq. of Detected Detected Lndurtrial Excttding 
Interval Detection Coac. Conc. RBC RBC 

VOCs bp/La) 

Acetone upp~r 1/15 59.0 59.0 2O.M)0,000 0 

2-Butanone (MEK) U P F ~  1/15 8.00 8.00 100,000,000 0 

Lower 5/15 12.0 - 25.0 20.8 N A N A 

Upper llm 89.0 - 810 413 lZ,wO,ooO 0 

Lower 601 110 - 1,600 412 NA N A 

Acenaphthylenc Upper 4/22 140 - 2.300 878 8,200,000 0 

Lower 312 1 110 - 260 180 N A N A 

Antli- UPPC~ 15/22 149 - 2.600 836 61,000,000 0 

Lower 8/21 53.0 - 1.900 448 NA N A 

Lower 6/21 170 - 1,100 623 N A N A 

Benzaic acid U W ~  3t22 39.0 - 85.0 56-7 100,000,000 0 

Lower 3/21 £10 - 130 120 NA N A 

Lower 2/21 64.0 - 220 142 N A N A 

Lower 5121 65 .O - 850 25 1 N A N A 

Di-n-butylphthafrtte upper 2m 59.0 - 280 170 ~ , ~ , 0 0 0  0 

Lower 1/21 63.0 63 .O NA N A 
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Table 10.14.2.1 
SWMtr 102 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

SPmpliug Freq. of Detected Detcded Industrial Exceeding 
Conc. Conc. RBC RBC 

Lower 212 1 89.0 - 150 120 N A N A 

Phenanthrene Upper 19/22 66.0 - 9.600 2,280 8,200,000 0 

Lower 1412 1 60.0 - 7.400 973 N A N A 

UpPSr 2OD2 O.MlQ - I7.500 2,740 780 12 

Lower 14/21 20.2 - 2,700 770 N A N A 

Lower 13121 79.0 - 2.200 59 1 N A N A 

&nzo(b)flimmthene uFPr 15/22 51.0- 11,000 2.420 7,80D I 

Lower 1OlZl 78.0 - 2.a0 603 NA N A 

Lower 1012 1 100 - 2,700 8!B N A N A 

Lower 13/21 100 - 2,000 75 1 N A N A 

Dibene(a.h)anhcene U@r 13/22 100 - 6.300 974 780 3 

Lower 4/21 350-59 438 NA N A 
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Table 10.14.2.1 
SWMU 102 

Organic Compounds Detected b Soil 

Number of 
Range of Mean of Spmplts 

Snmpliag Freq. of lkteet ed Detected Industrial Exceeding 
Compound Interval D e t d o n  Conc. Conc. RBC RBC 

Inimo(l,2.3-ed)pyrcnc flpptr 1 5 1 ~  310 - 8,000 1,610 7,800 1 

Lower 4al SSO - l,ooO 743 NA N A 

Pesticides 4g lkg l  

delta-BHC U W ~  llZ!2 13.0 13.0 9IO 0 

Lower 1/21 22.0 22.0 NA N A 

gamma-Chlordane upper 4f22 4.10 - 53,O 27.8 4,400 0 

Lower fnl 6.20 6.20 NA N A 

Lower 1/21 9.40 9.40 N A N A 

4.4' -DDE Upper 5122 28.0 - 190 63.2 17,000 0 

Lower lnf 19.0 19.0 N A N A 

Lower 2/21 12.0 - 25.0 18.5 N A N A 

Dieldrin upper 1/22 5.40 5.10 360 0 

Lower ZJ2 1 7.00 - t5.0 11.0 NA N A 

Endrin Lower 1121 6.20 6.20 NA N A 

Endrin ketone Upper 2/22 7.90 - 20.0 14.0 61.000 0 

Heptachlor epoxidc Upper 2/22 2.40 - 8.90 5.65 630 0 

Dioxin Eqoiv. upper 111 0.131 0.531 1,m 0 
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Table 10.14.2.1 
SWMU 102 

O r g d c  Compounds Detected in Sail 

Number of 
Range of Mean of SPmpla 

Freq. of Detected Detected Industrial Exceeding 
Coac. Conc. RBC RBC 

Notes: 
~ g / k g  = Micrograms per kilogram 
nglkg = N m g m  per kilogram 
RBC = Risk-based concentration 
NA = No industrhl RBC established 

Table 10.14.2.2 
SWMU 102 

Inorganic Detections for Soil (mgtkg) 

Number of 
Range of Mean of Sam@= 

Sample Freq. of Detected Detected Industrial Reference Exceedinn 
Element ~nteknl ~ete&on Cmc. Conc. RBC Conc. RBC and RC 

AluDiltlunt (Al) Upper 22122 2.380 - I2,HXI 7,180 1 0 0 , ~  26.600 0 

Lower 21/21 1,110 - 23,000 11,700 N A 41,100 N A 

Antimony (Sb) Upper 12/22 0.600 - 9.00 1.71 82.0 1.77 0 

Lower 15/21 0.740 - 10.3 1.82 N A 1.60 N A 

Arsenic (As) VF 22lZ2 2.60 - 27.8 12.4 3.80 23.9 3 

h w t r  21/21 3.20 - 64.1 18.8 NA 19.9 N A 

Barium @a) Upper 13/22 15.5 - 78.5 33.4 14,000 130 0 

Lower 1712 1 6.40 - 262 55.7 N A !M. 1 N A 

hryllium (Be) Upper 20122 0.310 - 0.810 0.581 1.30 1.70 0 

Lower 20121 0.210 - 1.40 0.868 NA 2.71 N A 

Cadmium (Cd) Upper 19/22 0.140 - 1.30 0.582 100 1.50 0 

Lower 1612 1 0.160 - 2.80 0.825 100 0.960 N A 
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Table 10.14.2.2 
SWMU 102 

Inorganic Detections for Soil (mglLg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Reference Excteding 
Element Interval Detedon Conc. Conc. RBC Conc. RBC and RC 

Calcium (Ca) UPPr 22122 0,8M) -79,400 38,800 NA NA N A 

h w c r  23/21 957 - 6.8100 N A NA N A 

Chromium (Cr) Upper 22/22 4.50 - 197 37.0 1,m 94.6 0 

Lower 21/21 3.10 - 48.5 26.1 N A 75.2 N A 

Lower 21/21 1.40 - 548 70.1 N A 152 N A 

Iron (Fe) Upper 22/22 2,680 - 17,900 11,400 61.000 N A 0 

Lower 21/21 4.690 - 56,800 20,800 N A N A N A 

Magnesium (Mg) Upper 21/22 488 - 5,150 3,160 N A N A N A 

Lower 21/21 144 - 6.930 3,490 N A N A N A 

Manganese (Mn) Upper 22/22 26.1 - 387 149 4,700 3m 0 

Lower 21121 260 N A 881 N A 14.9 - 863 

Mercury (HE) Uppet 36/43 0.0500 - 27.3 4.42 61 .O 2.60 0 

Lower 35/39 0.0500 - 11.7 1.68 N A 1.59 N A 

Nickel (Ni) Upper 22/22 3.30 - 13U 19.2 4,109 77.1 0 

Lower 21/21 1.60 - 11.0 112 NA 57.0 N A 

Potassium (K) Upper 4/22 1.130 - 2,030 L ,420 N A N A N A 

Lower 1312 1 280 - 3,610 2 , m  N A N A N A 

Selenium {Se) U P P ~  7M2 0.730 - 1,50 1 .U7 1,m 1.70 0 

Lowcr lOn1 0.990 - r .tlo 1.33 N A 2.40 N A 
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Table 10.14.2.2 
SWMU 102 

~nor@c Detections for Soil (mglkg) 

Number of 
Range of Mcnn of Samples 

h p l e  Freq. of Detected Detected Industrial Reference E~ctediag 
Element Intend Detection Cone. Conc. RBC Conc. RBC and RC 

Silver (Ag) Upper 7/22 0.250 - 11.0 2.31 1,m N A  0 

Sodium (Na) Upper 13/22 300 - 1.870 W5 N A N A N A 

Lower 17/21 188 - 2.870 1,030 N A N A N A 

Thallmm m) Lawar 1 t21 3.30 3-30 NA N A N A 

Tin (Sn) U W r  6/22 2.60 - 43.2 12.5 6,100 59.4 0 

Lower 212 1 7.30 - 26.6 17.0 N A 9.23 N A 

Vanadium (V) upper 22ZZIU 6.60 - 35.2 21.0 1 ,a0 94.3 0 

Lower 21/21 3.60 - 76.0 38.8 NA 155 N A 

Zi (Zn) Upper 21 I22 11.0- 1,130 281 61,000 827 0 

Lower 21/21 9.70 - 2,340 378 N A 886 N A 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-bad concenmtion 
RC = Reference concenmtion 
NA = No dustrial RBC or RC established 

Volatile Organic Compounds in Soil 

Two VOCs were detected in soil samples at SWMU 102. Two detections occurred in the upper 

interval and five in the lower interval. No VOC was detected above its respective industrial RBC 

in the upper interval or respective SSL in the Iower interval. 

Semivolatile Organic Compounds in Soil 

Twenty-two SVOCs were detected in soil samples collected at SWMU 102. Two hundred and 

sixty-eight detections occurred in the upper interval and 158 in the lower interval. Five SVOCs 

- benzo(a)anthracene , benzo(k)fluoranthene , dibenz(a, h)anthracene , indeno(l,2,3-cd)pyrene , and 

benzo(a)pyrene - exceeded their respective industrial RBC in the upper interval. Additionally, 
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two SVOCs - knzo(a)antbxne and chrysene - exceeded their respective SSL in the lower interval. 

Benzo(a)anthracene was detected in 18 of 22 upper-interval samples with a range of 48.0 to 

10,000 pglkg and a mean of 1,840 pglkg. One upper-interval sample (102SB037, 10,000 pglkg) 

exceeded the benzo(a)anthracene industrial RBC of 7,800 pglkg. 

Benzo(b)fluoranthene was detected in 15 of 22 upper-interval samples with a range of 51.0 to 

11,000 pglkg and a mean of 2,420 pglkg. One upper-interval sample (102SB037, 11,000 pglkg) 

exceeded the benzo(b)fluoranthene industrial RBC of 7,800 pglkg . 

Dibenz(a,h)anthracene was detected in 13 of 22 upper-interval samples with a range of 100 to 

6,300 pg/kg and a mean of 974 pglkg. Three upper-interval samples (102SB036, 1,400 pglkg; 

102SB037, 6,300 pglkg; and 102SB038, 1,500 pglkg) exceeded the dibenz(a,h)anthracene 

industrial RBC of 780 pglkg . 

Indeno(l,2,3-cd)pyrene was detected in 15 of 22 samples with a range of 310 to 8,000 pglkg and 

a mean of 1,610 pglkg. One upper-interval sample (102SB037, 8,000 pglkg) exceeded the 

indeno(l,2,3-cd)pyrene industrial RBC of 7,800 pg/kg . 

Benzo(a)pyrene was detected in 17 of 22 samples with a range of 46.0 to 8,200 pglkg and a mean 

of 1,910 pglkg. The following eleven upper-interval samples exceeded the benzo(a)pyrene 

industrial RBC of 780 pglkg: 

l02SB002 (980 pglkg) 102SB034 (1,200 pglkg) 102SB040 (6,100 pglkg) 

102SB003 (1,300 pglkg) 102SB036 (2,900 pg/kg) 102SB042 (1,700 pglkg) 

102SB005 (890 pglkg) 102SB037 (8,200 pglkg) 102SB045 (2,100 pgikg) 

102SB008 (1,800 pglkg) 102SB038 (3,000 pglkg) 
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Benzo(a)anthracene was detected in 13 of 21 lower-interval samples with a range of 79 to 

2,200 pglkg and a mean of 591 pglkg. Three lower-interval samples (102SB001, 1,600 pglkg; 

102SB002, 2,200 pglkg; and 102SB004, 1,800 pglkg) exceeded the benzo(a)anthracene SSL of 

700 pglkg. 

Chrysene was detected in 13 of 21 lower-interval samples with a range of 100 to 2,000 pgkg and 

a mean of 751 pglkg. Three lower-interval samples (102SB001, 2,000 pglkg; 102SB002, 

2,000 pglkg; and 102SB004, 2,000 pglkg) exceeded the chrysene SSL of 1,000 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at SWMU 102. The 

upper-interval BEQ was calculated for 20 samples with a range of 0.05 10 to 17,500 pglkg and a 

mean of 2,740 pglkg. The following twelve upper-interval samples exceeded the industrial RBC 

of 780 pglkg for benzo(a)pyrene: 

102SB002 (1,998 pglkg) 102SB008 (2,929 pglkg) 102SB038 (5,404 pglkg) 

102SB003 (2,150 pglkg) 102SB034 (1,537 pglkg) 102SB040 (8,149 pglkg) 

102SB004 (1,028 pglkg) 102SB036 (5,193 pglkg) 102SB042 (2,249 pglkg) 

102SB005 (1,365 pglkg) 102SB037 (17,500 pglkg) 102SB045 (3,072 pgtkg) 

Pesticides and PCBs in Soil 

Thirteen pesticides were detected in soil samples collected at SWMU 102. Thirty-two detections 

occurred in the upper interval and 9 in the lower interval. No pesticides exceeded their respective 

industrial RBC in the upper interval. However, one pesticide - dieldrin - exceeded its respective 

SSL in the lower interval. 
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Dieldrin was detected in two of 21 lower-interval samples with a range of 7.0 to 15.0 yglkg and I 

a mean of 11.0 pglkg. Two lower-interval samples (102SB036, 7 pglkg; 102SB037, 15 pglkg) 2 

exceeded the dieldrin SSL of 1.0 pglkg. 3 

No PCBs were detected in soil samples collected at SWMU 102. 4 

Other Organic Compounds in Soil 

Two dioxins were detected in one upper-interval duplicate soil sample collected at SWMU 102. 

No industrial RBCs have been established for either dioxin. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for the 

upper-interval duplicate soil sample. The calculated TEQ was 0.131 ng/kg, below the industrial 

RBC of 1,000 nglkg. 

Gasoline (TPH-GRO) was detected in one of one upper-interval samples; no industrial RBC has 

been established for this compound, 

Inorganic Elements in Soil 

Twenty-two metals were detected in soil samples collected at SWMU 102. Four hundred and 

twenty-four detections occurred in the upper interval and 420 in the lower interval. One metal - 
arsenic - exceeded both its respective industrial RBC and background RC in the upper interval. 

Additionally, two metals - arsenic and barium - exceeded both their respective SSL and 

background RC in the lower interval. 

Arsenic was detected in 22 of 22 upper-interval samples with a range of 2.60 to 27.8 mgtkg and 

a mean of 12.4 mg/kg. Three upper-interval samples (102SB034, 27.8 mglkg; 102SB036, 

26.6 mglkg; and 102SB038, 27.2 mglkg) exceeded both the arsenic industrial RBC of 3.80 mglkg 
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and the arsenic background RC of 23.9 mgikg. Arsenic was detected in 21 of 21 lower-interval 

samples with a range of 3.20 to 64.1 mglkg and a mean of 18.8 mglkg. The following six lower- 

interval samples exceeded both the arsenic SSL of 15 mglkg and the background RC of 

102SB008 (22.2 mglkg) 102SB036 (64.1 mglkg) 102SB040 (23.0 mglkg) 

102SB009 (23.6 mglkg) 102SB037 (38.3 mg/kg) 102SB041 (47.0 mgikg) 

Barium was detected in 17 of 21 lower-interval samples with a range of 6.40 to 262 mglkg and 

a mean of 55.7 mglkg. Three lower-interval samples (102SB003, 141 mglkg; 102SB008, 

109 mglkg; and 102SB036, 262 mglkg) exceeded both the barium SSL of 32 mglkg and the 

background RC of 94.1 mglkg . 

10.14.3 Groundwater Sampling and Analysis 

One shallow monitoring well was installed and sampled to assess groundwater quality at 

SWMU 102 as shown in Figure 10.14.2. The well was installed as follows: 

Shallow We1 installed at SWMU 102 - NBCE102001 

Groundwater samples were submitted for analysis at DQO Level IlI for VOCs, SVOCs, 

pesticidesiPCBs, metals, cyanide, chlorides, sulfates, TDS, and organotins. No samples were 

selected as duplicates at this site. Table 10.14.3.1 summarizes groundwater sampling and analysis 

at SWMU 102. 



- DEEP MONITORING WELLS 
NAVAL BASE CHARLESTO 

@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 

A - SEDIMENT SAMPLES 
- THICKNESS SAMPLES 
- MPE SAMPLES 
- SURFACE WATER SAMPLES 



Droft Zone E RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Table 10.14.3.1 
SWMU 102 

Groundwater Sampling Summary 

Wells Wells 
Depth Proposed Installed Analyses Proposed Analyses CoUected Deviations 

Shallow 1 1 Standard Suite', Standard Suite', None 
chlorides, TDS, sulfates, chlorides, sulfates, TDS, 
and orgaaotins and organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

The shallow monitoring well was installed at 12.5 feet bgs in the surficial aquifer in accordance 1 

with Section 3.3 of this report. 2 

10.14.4 Nature of Contamination in Groundwater 3 

Organic compound analytical results for groundwater are summarized in Table 10.14.4.1. 4 

Inorganic analytical results for groundwater are summarized in Table 10.14.4.2. Appendix H s 

contains the complete data report for all samples collected in Zone E. 6 

Table 10.14.4.1 
SWMU 102 

Organic Compounds Detected in Fit-Quarter Groundwater OrglL) 
Shallow Monitoring Well 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Corn po und Detection Conc. Cone. RBC MCL RBC 

svocs 

Benzoic acid 111 3 .IX1 3 .0a 15,000 NA 0 

Nates: 
ugiL = M i c r o g m  per liter 
RBC = Risk-based mncentmtion 
MCL = Maximum contaminant level 
NA = No MCL cstablishcd 
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Table 10.14.4.2 
SWMU 102 

Inorganic Detections for First-Quarter Groundwater &g/L) 
Shallow Monitoring Well 

Number of 
Range of M e ~ n  of Samples 

Freq. of Detected Detected Tap Water Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBCandRC 

Alumhum (Al) 111 50.4 50.4 3,700 319 NA 0 

Arsenic (As) 111 5.10 5.10 0.0450 16.4 50.0 0 

Chmmium (Cr) 111 1.40 1.40 18.0 13.5 I00 0 

Vanadium (V) 111 4.60 4.60 26.0 5.3 N A 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No MCL established 

Semivolatile Organic Compounds in Groundwater 

Shallow Groundwater 

Two SVOCs - benzoic acid and bis(2-ethylhexy1)phthalate - were detected in the one shallow 

groundwater sample collected at SWMU 102. Neither SVOC exceeded its respective tap-water 

RBC. No MCL has been established for either SVOC. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Four metals were detected in the one shallow groundwater sample collected at SWMU 102. No 

metal detection exceeded its respective tap-water RBC, background shallow groundwater RC, or 

MCL (where available). 
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10.14.5 Air Sampling and Analysis 

The Final Zone E RFI Work Plan proposed collecting random air samples at SWMU 102 with a 

mercury vapor analyzer. Both the number and location of screening samples were to be 

determined in the field. A Technical Memorandum issued on February 21, 1996 amended the 

sampling plan for SWMU 102. In accordance with the amended plan, a total of 46 mercury vapor 

samples were collected from beneath the intermediate wood flooring (upper interval) and seven 

samples were collected from beneath the concrete sub-floor (lower interval). Table 10.14.5.1 

summarizes air sampling activity for SWMU 102. 

Table 10.14.5.1 
SWMW 102 

Air Sampling Summary 

Samples Samples Analyses Analyses 

U P P ~  TBD 46 Mercury Vapor Mercury Vapor No deviation from proposed 
strategy 

Lower TBD 7 Mercury Vapor Mercury Vapor No deviation from proposed 
strategy 

10.14.6 Nature of Contamination in Air 9 

Table 10.14.6.1 summarizes the analytical results of air samples collected at SWMU 102. Sample lo 

locations were determined in the field and were biased in an attempt to identify worst case 1 1  

situations. 12 
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Table 10.14.6.1 
SWMU 102 

Air Sampling Results 

Frequency of Range of Detections 
Parameter Interval Detection (mg/m3) 

Mercury Vapor up~er 29/46 0.D01- 0.074 

Lower 3/7 9.007 - 0.061 

Note: 
rng/m3 = Milligrams per cubic meter 

Mercury Vapor Detected in Air 

Mercury vapor was detected in 29 of 46 upper-interval samples and in 3 of 7 lower-interval 

samples. 

10.14.7 Fate and Transport Assessment for SWMU 102 

SWMU 102 is the site of a mercury spill under the central portion of Building 79. Environmental 

media sampled as part of the SWMU 102 CSI include surface soil, subsurface soil, shallow 

groundwater, and air. Potential constituent migration pathways investigated for SWMU 102 

include soil to groundwater, groundwater to surface water, and emission of volatiles from surface 

soil to air. 

10.14.7.1 Soil-to-Groundwater Cross Media-Transport: Tier One 

Table 10.14.7.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) background RCs. 

To provide a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed 

to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DM= 10). 
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Seven organic compounds - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenzo(a, h)anthracene, indeno(l,2,3-cd)pyrene, delta-BHC, and dieldrin - were detected in 

SWMU 102 soil above generic groundwater protection SSLs. Benzo(a)anthracene exceeded its 

corresponding groundwater protection SSL in ten surface soil samples and three subsurface soil 

samples. Benzo(b)fluoranthene exceeded its SSL in four surface soil samples and one subsurface 

soil sample, delta-BHC in one surface soil sample and one subsurface soil sample, dieldrin in one 

surface soil sample and two subsurface soil samples, benzo(a)pyrene in two surface soil samples, 

and dibenzo(a,h)anthracene in three surface soil samples. The maximum reported concentration 

of dibenzo(a,h)anthracene (6,300pgikg in surface soil sample 102SB037) was more than four times 

the next highest reported detection (1,500 pg/kg in 102SB038). Indeno(l,2,3cd)pyrene exceeded 

its generic SSL in one surface soif sample. None of these organic constituents was detected in 

first-quarter groundwater samples, indicating that the current soil-groundwater equilibrium is 

sufficiently protective of the surficial aquifer 

Nine inorganics - antimony, arsenic, chromium, cobalt, copper, lead, mercury, nickel, and 

thallium - were detected in soil above their respective generic groundwater protection SSLs or 

background reference values. Antimony exceeded its groundwater protection SSL in one surface 

soil sample and one subsurface soil sample. Arsenic exceeded its background reference value in 

three surface soil samples and three subsurface soil samples. Chromium exceeded its background 

reference value in two surface soil samples. Cobalt exceeded its background value in eight surface 

soil samples, but not in subsurface samples. The maximum detected concentration of cobalt 

(554 mglkg in 102SB035) was more than twice as high as that from any other sample. Copper 

exceeded its background reference value in three surface soil samples and two subsurface soil 

samples. Lead exceeded its de facto SSL of 400 pg/L in four surface soil samples and three 

subsurface soil samples. The maximum reported concentration of lead in subsurface soil 

(9,930 mglkg in 102SB036) was nearly three times the next highest reported concentration in 
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subsurface soil (3,700 mg/kg in 102SB039), and more than ten times the highest reported 

concentration in surface soil (919 mg/kg in 102SB039). 

Mercury exceeded its groundwater protection SSL in 11 of 43 surface soil samples and six of 39 

subsurface soil samples. The maximum concentration of mercury reported in surface soil 

(27.3 mglkg in 102SB008) was more than twice the maximum reported concentration in subsurface 

soil (1 1.7 mg/kg in 102SB018), as was the mean of detected concentrations (4.42 mg/kg vs. 

1.68 mglkg). Nickel and thallium exceeded their corresponding groundwater protection SSLs in 

one surface soil sample each, but not in subsurface samples. Of the nine inorganics exceeding 

SSLs, arsenic and chromium were the only ones detected in first-quarter groundwater samples; 

however, neither was detected at a concentration above tap water RBCs or background reference 

values, indicating that the current soil-groundwater equilibrium is sufficiently protective of the 

surficial aquifer; 

10.14.7.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.14.7.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to RBCs for drinking water, and to chronic ambient saltwater 

quality criteria values for the protection of aquatic life (saltwater surface water chronic screening 

values). For inorganics, maximum concentrations in groundwater are compared to the greater of 

(a) risk-based drinking water concentrations, or (b) background rCCs for groundwater, as well as 

to the saltwater surface water chronic values. To provide a conservative first-tier screen, no 

attenuation or dilution of constituents in groundwater is assumed before comparison to the relevant 

standards. No constituents were detected in first-round samples from SWMU 102 shallow 

monitoring wells at concentrations exceeding corresponding tap water RBCs, background 

reference values, or salt water surface water chronic screening levels. 
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10.14.7.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.14.7.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituenl in soil or groundwater that pose a threat to surface water 

quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for SWMU 102 

is 86,400: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 13 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 14 

or the environment in the Cooper River. 15 

10.14.7.4 Soil-to-Air Cross-Media Transport 16 

Table 10.14.7.3 fists the VOCs detected in surface soil samples collected at SWMU 102 along 17 

with corresponding soil-to-air volatilization screening levels. Little or no surface soil is exposed 1s 

at SWMU 102. In addition, none of the VOCs was reported at a maximum concentration 19 

exceeding its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air 20 

migration pathway is not expected to be significant at SWMU 102. 2 1 

10.14.7.5 Fate and Transport Summary 22 

Mercury was the focus of the investigation at SWMU 102. Although it was detected in nearly all 23 

of the surface and subsurface soil samples, mercury concentrations were consistently lower in 24 
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subsurface soil than in surface soil. No mercury was detected in the first-round groundwater 

sample from the single shallow well at SWMU 102, nor was it detected in samples from later 

rounds. The current distribution of mercury concentrations in soil appears to be protective of 

groundwater at the site. 

In the first-tier screen, seven organic compounds - benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, dibenzo(a, h)anthracene, indeno(l,2,3-cd)pyrene, delta-BHC, and dieldrin 

- were detected in SWMU 102 soil above generic groundwater protection SSLs. Nine inorganics 

- antimony, arsenic, chromium, cobalt, copper, lead, mercury, nickel, and thallium - were 

detected in soil above their respective generic groundwater protection SSLs or background 

reference values. None of these constituents was detected above tap water FU3Cs, background 

reference values, or salt water surface water chronic screening levels in first-quarter shallow 

aquifer groundwater samples. 

None of the constituents exceeding first-tier screening values also exceeded the adjusted screening 

values of the second-tier comparisons, indicating no threat to surface water in the Cooper River 

via the evaluated migration pathways. 



Table 10.14.7.1 
Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Cmprkon to SSLs, Tap Water RBCs, Salt Watcr Surface Watcr Chronic Screening Levels, and Backpound Concentrations: Tier One 
NAVBASE-Charleston, Zone E: SWMU 102 
Charleston, South Carolina 

Oround- Stufbx 
Watcr W e  

Lsaching W p t i o n  M i e o n  
Potential Conccm Conom 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
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YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
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NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
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NO NO NO 
NO NO NO 
NO NO NO 
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NO NO NO 

NO NO NO 
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NO NO NO 
NO NO NO 

- 
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Parameter 

Volatlie OrganL Compounds 
Acetone 
2-Bubnone (MEK) 

Semivolatile Organic Compounds 
Acenaphlhene 
AccnaphIhylene 
Anthraoene 
Benzoic acid 
Bmzo(&ki)perylene 

mzo(a)pymre equivalents 
Bcnzo(a)anthracene 
BcnzNahme 
Benzo(b)nu~anthene 
Bcnzo(k)flwrmthcne 
Chr~sene 
Dibenzo(a,h)anthraoene 
hdeno(l,2,3-cd)py~ene 

utylbnuylphthalak 
Dibcnzofuran 
Di-n-butylphthalale 
bis(2-EthyUrexyl)phthalak (BEHP) 
Fluwanthene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 

m e  

PcstiriddCB Compounda 
&lta-BHC 
alpha-Chlordane 
gamma-Chlordane 
4.4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endrin 
Endrin aldehyde 
Endrin ketone 
HeptacNor 
Heptachlor epoxidc 
Methoxychlor 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

TPH - Gasoline Range Organics 
Gasoline 

Inorganic Compounda 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 

Maw. Concentration 

Surfice Subsurface 
Soil Soil 

59 ND 
8 25 

810 1600 
2300 260 
2600 1900 

85 130 
9400 1100 

10000 2200 
8200 1900 

11000 2600 
9300 2700 
8400 2000 
6300 550 
8000 1000 
2100 170 

540 850 
280 63 
600 220 

16000 6400 
1400 1400 
3 20 150 
228 64.5 

9600 7400 
17000 5300 

13 22 
14 ND 
5 3 6.2 
87 9.4 

190 19 
230 25 
5.4 15 
ND 6.2 
3.4 ND 
20 ND 

2.4 ND 
8.9 ND 
42 ND 

0.131 ND 

42.8 28.3 

12500 23000 
9 10.3 

27.8 64.1 
78.5 262 
0.81 1.4 

1.3 2.8 

Mu. Concentration 

Shallow Deep 
OW OW 

ND NA 
ND NA 

ND NA 
ND NA 
ND NA 

3 NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND N A 
ND NA 

3 NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

ND N A 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND N A 
ND NA 
ND NA 
ND NA 
ND NA 
ND N A 
NQ NA 

N A NA 

NA N A 

50.4 NA 
ND N A 
5.1 NA 
ND NA 
ND NA 
ND N A 

Screening Conocntn t id  
Soil to Salt Wtr. 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
4000 1900 NA 

285000 2200 9.7 
150000 1500 NA 

5900000 11000 NA 
200000 150000 NA 

2.33E+O8 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0,092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

930000 7300 29.4 
NA 150 NA 

2300000 3700 3.4 
1800000 4.8 NA 
2150000 1500 1.6 
280000 1500 NA 

63000 1500 NA 
42000 1500 23.5 

690000 1500 NA 
2100000 1100 NA 

1.5 0.037 NA 
5000 0.052 0.004 
5000 0.052 0.004 
8000 0.28 0.025 

27000 0.2 
16000 0.2 0.001 

2 0.0042 0.0019 
500 11 0.0023 
500 I1 NA 
500 I1 NA 

11500 0.0023 0.0036 
350 0.0012 0.0036 

80000 180 0.03 

950 0.43 10 

NA N A NA 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 
32 1.2 NA 
4 18 9.3 



Table 10.14.7.1 
Chcmicalr Dct4oted in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison ta SSLs, Tap Watcr RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations: Tier One 
NAVBASE-Chluton. Zone E: SWMU 102 
Charleaton South Carolina 

* Screening C0nmtr;ltions: 
Soil to GW - Generic SSLa baaed on DAF = 10, adapted fiom 1996 EPA Soil Screening Gvidsncc or calculated wing valucs from Table 6.2 
Tap Water RBC - From EPA Region 111 Risk-Based Concentration Table, June 3, 1996 
Salt Watcr Surface Water Chroic - Fmm EPA Supplemental Guidance to RAGS: Region 4 Bulletim, Ewlogical Risk Assemen(, November, 1995; Table 2 

In each case, lhe value shown is the greater of the relevant screening value or the corresponding background refemoe value 
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Units: See notes for Table 10.1.5.1 
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Table 10.14.7.3 
Soil-to-Air V o l a h t i o n  Screening Analysis 
NAVBASE-Charleston, Zone E: SWMU 102 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region III Risk-Based Concentration Table, June 1996. The value for 
2-Butanone (MEK) was estimated. 



Draft Zone E RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November I997 

10.14.8 Fixed-Point Risk Evaluation for SWMU 102 1 

10.14.8.1 Site Background and Investigative Approach 2 

SWMU 102 is the site of a reported mercury spill under the central portion of Building 79. This 3 

site is located in a highly industrialized portion of Zone E. As a result, the risk assessment for 4 

this site is presented as a FRE following the framework presented in Section 7.3. 5 

A total of 43 surface soil samples were considered in the SWMU 102 FRE (21 of these surface 6 

soil samples were analyzed for mercury only). One monitoring well was installed as part of the 7 

1995 RFI. This monitoring well was installed into the shallow aquifer. Groundwater data 8 

generated from the first-quarter RFI sampling event are used to represent point riskhazard for the 9 

SWMU 102 FRE. Sections 10.14.1 and 10.14.3 contain summaries of the sampling effort for IO 

SWMU 102 soil and groundwater. 11 

10.14.8.2 Fixed-Point Risk Evaluation for Soil 12 

Residential Scenario 13 

Table 10.14.8.1 provides CPSS summaries for SWMU 102 soil and identifies COPCs based on 14 

comparison to residential and industrial RBCs and background RCs. Based on residential RBCs, is 

seven COPCs (antimony, arsenic, BEQs, chromium, cobalt, lead, manganese, and mercury) were 16 

identified for SWMU 102. Chromium, which predominantly exists in either the trivalent or 17 

hexavalent state, was identified as a COPC based on a conservative comparison of the maximum 18 

concentration (regardless of valence) to the RBC for its hexavalent species (39 mglkg). Analyses 19 

for hexavalent chromium in soil indicate that the trivalent valence state predominates for 20 

SWMU 102 surface soil, The RBC for trivalent chromium is 7,800 mg/kg. Since it is evident 21 

that SWMU 102 chromium in soil predominantly exist in the trivalent state, chromium was 22 

eliminated as a COPC. Aluminum and beryllium were detected in SWMU 102 soiI at 23 

concentrations above their RBCs but were eliminated from consideration in the residential FRE 24 

based on comparison to their background concentrations. Wilcoxon rank sum test analyses did 25 
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not result in the inclusion of any parameter that had been screened out based on background 

concentration. 

Table 10.14.8.2 summarizes the residential COPCs detected at each combined SWMU 102 sample 

location with contribution to risk and hazard. As shown, arsenic and BEQ compounds are the 

only contributors to risk for SWMU 102, exceeding 1E-06 at all 22 locations. Figure 10.14.3 is 

a spatial presentation of residential risk estimates for SWMU 102 soil. Risk estimates range from 

8E-06 to 4E-04 with an arithmetic mean risk of 7E-05. 

Figure 10.14.4 is a spatial presentation of HI estimates for SWMU 102 surface soil. As shown, 

HI projections exceeded the threshold of unity at 10 of 43 sample locations. Seven surface soil 

samples (1 02SB020, 102SB023, 102SB024, 102SB026, 102SB028, 102SB029, and 102SB03 1) 

had no detected COPCs that would have contributed to HI estimate. HI estimates range from 

0.002 to 2 with an arithmetic mean HI of 0.5 (assuming a deminumus HI of 0.01 for sample 

locations with no COPCs that would have contributed to HI projections). Concentrations of 

arsenic and mercury were the primary contributors to HI projections. 

Industrial Scenario 

Based on industrial RBCs, arsenic and BEQs were identified as COPCs for SWMU 102 soil. 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 

screened out based on background concentration. 

Table 10.14.8.3 summarizes the industrial COPCs detected at each SWMU 102 sample location 

with contribution to risk and hazard. As shown, arsenic and BEQ compounds are the only 

contributors to risk for SWMU 102, exceeding 1E-06 at all 22 locations, based on the industrial 

scenario. Figure 10.14.5 is a spatial presentation of industrial scenario risk estimates for 
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combined SWMU 21 surface soil. Risk estimates range from IE-06 to 7E-05 with an arithmetic 

mean risk of 1E-05. HI projections did not exceed the threshold of unity at any sample locations 

based on the industrial scenario. HI estimates range from 0.006 to 0.06. 

Lead 

Lead was detected in all 22 surface soil samples collected and analyzed for this parameter at 

SWMU 102. Soil concentrations ranged from 5.7 to 919 mgkg and exceeded the residential clean 

up level of 400 mgkg in four of 22 samples (lMSB002, 102SB003, 102SB039, and 102SB046). 

The mean detected lead concentration for SWMU 102 is 222 mglkg which is below the action 

level of 400 mglkg, considered protective of children under a residential scenario, and the 

industrial cleanup level of 1,300 mgtkg, considered protective of adults under an industrial 

scenario. Additionally, the mean lead soil concentration within the worst one-half acre exposure 

area (as represented by samples 102SB003, 102SB005, 102SB006, 102SB035, 102SB036, 

102SB038, 102SB039, 102SB046) was calculated to be approximately 345 mglkg . Figure 10.14.6 

is a spatial presentation of lead soil concentrations, using the surface soil background concentration 

of 265 mglkg, the residential soil lead cleanup level of 400 mglkg, and the industrial soil Iead 

cleanup concentration of 1,300 mgkg as benchmark levels to illustrate the lead soil concentrations 

for SWMU 102. 

10.14.8.3 Fixed-Point Risk Evaluation for Groundwater 

No COPCs were identified for SWMU 102 groundwater based on first-quarter results. 

10.14.8.4 Uncertainty 

SWMU 102 uncertainty issues specific to the FRE and essential to the risk management process 

are presented in the following paragraphs. 
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Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV and SCDEHC when assessing potential future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to overestimate 

exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at SWMU 102, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

COPC Selection 

Chromium was identified as a COPC in soil based on a conservative comparison to the RBC for 

the hexavalent species. One surface soil sample was analyzed for hexavalent chromium and had 
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no detectable concentrations. Chromium was therefore eliminated as a soil COPC based on 

comparison to the RBC for trivalent chromium. The maximum concentration of chromium 

(197 mglkg) was detected in surface soil sample 102SB041. Hexavalent chromium analysis was 

conducted on surface soil sample 102CB004 which is in the same general location as 102SB041. 

These findings indicate that uncertainty associated with the elimination of chromium as a COPC 

is minimal. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for SWMU 102 The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

Iikelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBC (e.g. within 10 % of its RBCs). 

Aluminum and beryllium were present in SWMU 102 soil at concentrations above their RBC 

benchmarks and were eliminated from consideration in the FRE based on comparison to their 

background concentration. As a result, their contribution to risWhazard has not been considered 

in this FRE. 

Arsenic was a contributor to both risk and hazard projections for residential and industrial soil 

pathways. Arsenic exceeded its background RC in only three of 22 surface soil samples 

(102SB034, 102SB036, and 102SB038). These frndings indicate that while arsenic contributes to 
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elevated risk and hazard projections, its maximum concentration was only marginally above 

background RCs and its average concentrations was below its background RC. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risklhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g . within 10% of its RBCs) . 

10.14.8.5 FRE Summary 

The risk and hazard posed by contaminants at SWMU 102 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first- 

quarter data and considers the both the ingestion and inhalation pathways. Risk and HI estimates 

are presented on Tables 10.14.8.2 and 10.14.8.3 such that a risk (E-06) or HI that exceeds one 

for any COPC at any given sample location is an indication that the concentration of that COPC 

exceeds its RGO. Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and 

residential groundwater RGOs, respectively, for all of the COPCs identified for Zone E. 

Soil - Residential Scenario 

Arsenic, BEQ compounds, and mercury were detected in SWMU 102 surface soil at 

concentrations above their residential RGOs. It should be noted that arsenic, one of the primary 

contributors to risk and hazard projections, was detected at a maximum concentration only 

marginally above its background RC . 
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Soil - Site Worker Scenario 1 

Arsenic and BEQ compounds were detected in SWMU 102 surface soil at concentrations above 2 

their industrial RGOs. It should be noted that arsenic was detected at a maximum concentration 3 

only marginally above its background RC. 4 

Groundwater - Residential Scenario 

No COPCs were identified for groundwater at SWMU 102. 
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Table 10.14.8.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
SWMU 102 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (EOG) % Risk Hazard Index % HI 
102 BOO1 Antimony (Sb) 1.20 MGlKG NA 0.0411 5.37 - .  . 
1 02 BOO1 Arsenic (As) 9.90 MGIKG 25.8588 67.65 0.4525 59.02 
102 BOO1 B(a)P Equiv. 746.71 UGIKG 12.3658 32.35 NA 
102 BOO1 Cobalt (Co) 11.80 MGlKG N A 0.0027 0.35 
102 BOO1 Lead (Pb) 387.00 MGIKG N A NA 
102 BOO1 Manganese (Mn) 206.00 MGlKG NA 0.0601 7.84 
1 02 BOO1 Mercury (Hg) 4.60 MGlKG NA 0.2103 27.42 

Total 38.2246 0.7667 

102 8002 Antimony (Sb) 1.60 MGlKG NA 0.0548 3.49 
102 BOO2 Arsenic (As) 14.30 MGlKG 37.3516 53.03 0.6536 41.65 
102 BOO2 B(a)P Equiv. 1998.00 UGIKG 33.0875 46.97 N A 
102 BOO2 Cobalt (Co) 4.00 MGlKG N A 0.0009 0.06 
102 8002 Lead (Pb) 434.00 MGlKG NA NA 
102 8002 Manganese (Mn) 269.00 MGIKG NA 0.0785 5.00 
102 BOO2 Mercury (Hg) 17.10 MGIKG NA 0.7816 49.80 

Total 70.4391 1.5695 

102 BOO3 Antimony (Sb) 0.76 MGlKG NA 0.0261 2.25 
102 8003 Arsenic (As) 12.30 MGlKG 32.1276 47.44 0.5622 48.52 
102 BOO3 B(a)P Equiv. 2149.80 UGIKG 35.60t4 52.56 NA 
102 8003 Cobalt (Co) 3.30 MGlKG NA 0.0008 0.07 
102 8003 Lead (Pb) 415.00 MGIKG NA NA 
102 BOO3 Manganese (Mn) 214.00 MGIKG N A 0.0624 5.39 
102 BOO3 Mercury (Hg) 11.10 MGIKG NA 0.5074 43.78 

Total 67.7290 1.1 588 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Cobalt (Co) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 

Total 

Antimony (S b) 
Arsenic (As) 
B(a)P Equiv. 
Cobalt (Co) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 

Total 

0.81 MGIKG N A 0.0278 5.13 
8.60 MGlKG 22.4632 56.90 0.3931 72.63 

1027.62 UGlKG 17.0177 43.10 NA 
4.60 MGlKG NA 0.0011 0.19 

83.70 MGlKG NA NA 
174.00 MGlKG NA 0.0508 9.38 

1.50 MGIKG N A 0.0686 12.67 
39.4809 0.5412 

0.60 MGIKG NA 
9.50 MGlKG 24.8140 52.33 

1364.98 UGlKG 22.6045 47.67 
2.70 MGIKG N A 

229.00 MGlKG NA 
387.00 MGlKG NA 

9.60 MGIKG NA 
47.4t 85 



Site 
102 
102 
102 
102 
102 
1 02 
1 02 

Table 10.14.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMU 102 

NAVBASE-Charleston 
Charleston, South Carolina 

Location Paranlater Concentration Units Risk (EO6) % Risk Hazard Index % HI 
8006 Antimony (Sb) ND MGlKG NA NA 
BOO6 Arsenic (As) 6.50 MGlKG 16.9780 57.76 0.2971 77.85 
8006 B(a)P Equiv. 749.87 UGlKG 12.4181 42.24 N A 
BOO6 Cobalt (Co) 4.10 MGlKG NA 0.0009 0.25 
8006 Lead (Pb) 86.50 MGlKG NA N A 
6006 Manganese (Mn) 98.60 MGIKG NA 0.0288 7.54 
8006 Mercury (Hg) 1.20 MGIKG NA 0.0548 14.37 

Total 29.3961 0.381 7 

6007 Antimony (Sb) ND MGlKG NA NA 
8007 Arsenic (As) 3.10 MGlKG 8.0972 100.00 0.1417 90.48 
BOO7 B(a)P Equiv. ND UGlKG N A NA 
BOO7 Cobalt (Co) 5.50 MGlKG NA 0.0013 0.80 
8007 Lead (Pb) 5.70 MGIKG NA NA 
8007 Manganese (Mn) 37.40 MGIKG NA 0.0109 6.97 
6007 Mercury (Hg) 0.06 MGIKG NA 0.0027 1.75 

Total 8.0972 0.1566 

BOO8 Antimony (Sb) 0.93 MGIKG N A 0.0319 1.63 
BOO8 Arsenic (As) 13.40 MGIKG 35.0008 41.91 0.6125 31.27 
8008 B(a)P Equiv. 2929.00 UGlKG 48.5052 58.09 N A 
8008 Cobalt (Co) 4.60 MGlKG NA 0.001 1 0.05 
BOO8 Lead (Pb) 106.00 MGlKG NA NA 
BOO8 Manganese (Mn) 224.00 MGIKG NA 0.0653 3.34 . . 

8008 ~ e r c u r ~  (Hg) 
Total 

27.30 MGIKG NA 1.2478 63.71 
83.5060 1.9586 

8009 Antimony (Sb) 0.66 MGIKG NA 0.0226 3.90 
8009 Arsenic (As) 8.50 MGIKG 22.2020 99.99 0.3885 67.03 
8009 B(a)P Equiv. 0.12 UGlKG 0.0020 0.01 NA 
8009 Cobalt (Co) 3.10 MGlKG N A 0.0007 0.12 
BOO9 Lead (Pb) 60.20 MGlKG NA NA 
8009 Manganese (Mn) 152.00 MGlKG NA 0.0443 7.65 
BOO9 Mercury (Hg) 

Total 
2.70 MGlKG NA 0.1234 21.29 

22.2040 0.5796 

B013 Mercury (Hg) 22.60 MGIKG NA 1.0330 100.00 
Total N A 1.0330 

B014 Mercury (Hg) 0.16 MGlKG NA 0.0073 100.00 
Total NA 0.0073 

B015 Mercury (Hg) 
Total 

0.18 MGlKG NA 0.0082 t 00.00 
NA 0.0082 



Table 10.14.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMU 102 

NAVBASECharleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (EOG) % Risk Hazard Index % HI 
102 8016 Mercury (Hg) 0.93 MGlKG NA 0.0425 100.00 

Total 

102 8017 Mercury (Hg) 0.93 MGIKG N A 0.0425 100.00 
Total N A 0.0425 

102 6018 Mercury (Hg) 18.60 MGIKG NA 0.8502 100.00 
Total NA 0.8502 

102 6019 Mercury (Hg) 0.28 MGlKG NA 0.0128 100.00 
Total N A 0.01 28 

102 B020 Mercury (Hg) ND MGlKG N A NA 
Total NA NA 

102 8021 Mercury (Hg) 0.05 MGlKG NA 0.0023 100.00 
Total NA 0.0023 

102 8022 Mercury (Hg) 
Total 

102 B023 Mercury (Hg) 
Total 

102 8024 Mercury (Hg) 
Total 

102 8025 Mercury (Hg) 
Total 

102 B026 Mercury (Hg) 
Total 

102 B027 Mercury (Hg) 
Total 

0.18 MGlKG NA 0.0082 100.00 
NA 0.0082 

ND MGlKG NA N A 
NA N A 

ND MGlKG N A NA 
NA NA 

0.16 MGlKG NA 0.0073 100.00 
MA 0.0073 

ND MGIKG NA NA 
NA N A 

0.07 MGlKG N A 0.0032 100.00 
NA 0.0032 

102 6028 Mercury (Hg) ND MGlKG NA MA 
Total N A N A 

102 B029 Mercury (Hg) ND MGIKG NA NA 
Total NA NA 

102 B030 Mercury (Hg) 
Total 

0.08 MGlKG N A 0.0037 100.00 
NA 0.0037 



Table 10.14.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMU 102 

NAVBASE-Charteston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (EO6) % Risk Hazard Index Oh HI 
102 B031 Mercury (Hg) ND MGIKG N A NA 

Total NA NA 

102 B032 Mercury (Hg) 
Total 

102 B033 Mercury (Hg) 
Total 

0.13 MGlKG NA 0.0059 100.00 
NA 0.0059 

0.06 MGlKG NA 0.0027 100.00 
NA 0.0027 

102 B034 Antimony (Sb) 9.00 MGIKG NA 0.3085 19.00 
102 €3034 Arsenic (As) 27.80 MGIKG 72.6136 74.04 1.2707 78.27 
102 B034 B(a)P Equiv. 1537.40 UGIKG 25.4598 25.96 N A 
102 B034 Cobalt (Co) 33.60 MGIKG N A 0.0077 0.47 
102 B034 Lead (Pb) 260.00 MGIKG NA NA 
102 8034 Manganese (Mn) 66.10 MGlKG NA 0.0193 1.19 
102 B034 Mercury (Hg) 0.38 MGlKG NA 0.0174 1.07 

Total 98.0735 1.6235 

102 B035 Antimony (Sb) 
102 8035 Arsenic (As) 
102 B035 B(a)P Equiv. 
102 8035 Cobalt (Co) 
102 8035 Lead (Pb) 
102 8035 Manganese (Mn) 
102 6035 Mercury (Hg) 

Total 

ND MGIKG NA N A 
13.10 MGlKG 34.2172 100.00 0.5988 81.33 

ND UGIKG N A N A 
554.00 MGIKG N A 0.1266 17.20 

31.40 MGlKG NA NA 
27.80 MGlKG NA 0.0081 1.10 

0.06 MGlKG NA 0.0027 0.37 
34.21 72 0.7362 

102 6036 Antimony (Sb) ND MGIKG NA NA 
102 B036 Arsenic (As) 26.60 MGlKG 69.4792 44.69 1.2158 90.16 
102 B036 B(a)P Equiv. 51 92.70 UGIKG 85.9927 55.31 N A 
102 8036 Cobak(Co) 69.80 MGIKG NA 0.0160 1.18 
102 B036 Lead (Pb) 339.00 MGlKG NA NA 
102 B036 Manganese (Mn) 118.00 MGIKG NA 0.0344 2.55 
102 B036 Mercury (Hg) 1.80 MG/KG NA 0.0823 6.10 

Total 155.4720 1.3485 

102 8037 Antimony (Sb) ND MGlKG NA N A 
102 B037 Arsenic (As) 23.50 MGIKG 61.3820 17.48 1.0741 93.34 
102 8037 B(a)P Equiv. 17501 -40 UGlKG 289.8287 82.52 NA 
102 8037 Cobalt (Co) 61.30 MGIKG NA 0.0140 1.22 
102 B037 Lead (Pb) 190.00 MGIKG N A N A 
102 8037 Manganese (Mn) 138.00 MGIKG NA 0.0403 3.50 
102 8037 Mercury (Hg) 

Total 
0.49 MGlKG NA 0.0224 1.95 

351.21 07 1.1 508 



Table 10.14.8.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
SWMU t02 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E06) % Risk Hazard index % HI 
102 8038 Antimony (Sb) ND MGlKG NA NA 
102 8038 Arsenic (As) 27.20 MGlKG 71.0464 44.25 1.2433 93.52 
102 B038 B(a)P Equiv. 5404.30 UGlKG 89.4969 55.75 NA 
102 8038 Cobalt (Co) 70.70 MGIKG NA 0.0162 1.22 
102 B038 Lead (Pb) 98.00 MGlKG NA N A 
102 B038 Manganese (Mn) 163.00 MGlKG NA 0.0475 3.58 
102 8038 Mercury (Hg) 

Total 
0.49 MGIKG NA 0.0224 1.68 

160.5433 1.3294 

102 8039 Antimony (Sb) ND MGlKG N A NA 
102 8039 Arsenic (As) 9.40 MGlKG 24.5528 97.86 0.4297 78.54 
102 B039 B(a)P Equiv. 32.41 UGlKG 0.5367 2.14 NA 
102 8039 Cobalt (Co) 6.20 MGlKG NA 0.0014 0.26 
102 8039 Lead (Pb) 919.00 MGIKG N A NA 
102 8039 Manganese (Mn) 84.20 MGlKG NA 0.0246 4.49 
1 02 8039 Mercury (Hg) 2.00 MGlKG NA 0.0914 16.71 

Total 25.0895 0.5470 

102 8040 Antimony (Sb) ND MGlKG N A NA 
102 0040 Arsenic (As) 10.60 MGlKG 27.6872 17.02 0.4845 62.20 
102 8040 B(a)P Equiv. 8149.80 UGlKG 134.9632 82.98 NA 
102 B040 Cobalt (Co) 9.30 MGtKG NA 0.0021 0.27 
102 8040 Lead (Pb) 83.80 MGIKG N A NA 
102 8040 Manganese (Mn) 77.60 MGIKG NA 0.0226 2.91 
1 02 8040 Mercury (Hg) 5.90 MGlKG NA 0.2697 34.62 

Total 162.6504 0.7789 

102 B041 Antimony (Sb) ND MGlKG N A NA 
102 8041 Arsenic (As) 2.60 MGlKG 6.7912 87.89 0.1188 86.19 
102 B041 B(a)P Equiv. 56.48 UGlKG 0.9353 12.11 N A 
102 8041 Cobalt (Co) 28.00 MGIKG N A 0.0064 4.64 
102 B041 Lead (Pb) 15.00 MGlKG NA NA 
102 8041 Manganese (Mn) 26.1 0 MGIKG NA 0.0076 5.52 
102 B041 Mercury (Hg) 0.11 MGlKG NA 0.0050 3.65 

Total 7.7265 0.1379 

102 5042 Antimony (Sb) ND MGlKG NA N A 
102 8042 Arsenic (As) 7.10 MGIKG 18.5452 33.24 0.3245 85.93 
102 8042 B(a)P Equiv. 2248.80 UGlKG 37.2408 66.76 NA 
102 8042 Cobalt (Co) 48.80 MGIKG NA 0.0112 2.95 
102 8042 Lead(Pb) 33.20 MGIKG NA NA 
1 02 8042 Manganese (Mn) 95.30 MGlKG N A 0.0278 7.36 
102 8042 Mercury (Hg) 

Total 
0.31 MGlKG NA 0.0142 3.75 

55.7860 0.3776 



Table 10.14.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMU 102 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (EQG) % Risk Hazard Index % HI 
1 02 8043 Antimony (Sb) 1.00 MGlKG NA 0.0343 6.10 
102 B043 Arsenic (As) 9.00 MGIKG 23.5080 69.20 0.41 14 73.22 
102 8043 B(a)P Equiv. 631.92 UGlKG 10.4648 30.80 NA 
102 8043 Cobalt (Co) 17.80 MGlKG NA 0.0041 0.72 
102 8043 Lead (Pb) 58.00 MGlKG NA N A 
102 B043 Manganese (Mn) 212.00 MGlKG NA 0.0618 11.01 
102 B043 ~ e r c u r ~  (Hg) 

Total 

1 02 B044 Antimony (Sb) 
102 B044 Arsenic (As) 
t 02 8044 B(a)P Equiv. 
102 8044 Cobalt (Co) 
102 5044 Lead (Pb) 
102 6044 Manganese (Mn) 
102 8044 Mercury (Hg) 

Total 

1 02 8045 Antimony (Sb) 
102 8045 Arsenic (As) 
102 6045 B(a)P Equiv. 
102 B045 Cobatt (Co) 
102 B045 Lead (Pb) 
102 8045 Manganese (Mn) 
102 8045 Mercury (Hg) 

Total 

1.10 MGlKG NA 0.0503 8.95 
33.9728 0.561 8 

1.10 MGlKG NA 0.0377 6.64 
9.20 MGIKG 24.0304 100.00 0.4205 74.00 
0.05 UGIKG 0.0008 0.00 NA 
7.20 MGlKG N A 0.0016 0.29 

36.90 MGlKG NA NA 
168.00 MGlKG NA 0.0490 8.62 

1.30 MGIKG NA 0.0594 10.46 
24.031 3 0.5683 

1 .OO MGlKG N A 
10.60 MGlKG 27.6872 35.24 

3071.84 UGlKG 50.8706 64.76 
5.80 MGlKG NA 

253.00 MGIKG NA 
190.00 MGIKG NA 
21.50 MGIKG NA 

78.5578 

102 8046 Antimony (Sb) 1.90 MGIKG N A 0.0651 8.25 
102 B046 Arsenic (As) 9.40 MGlKG 24.5528 95.26 0.4297 54.44 
102 8046 B(a)P Equiv. 73.76 UGlKG 1.2215 4.74 N A 
102 8046 Cobatt (Co) 263.00 MGlKG NA 0.0601 7.62 
102 B046 Lead (Pb) 754.00 MGIKG N A N A 
102 8046 Manganese (Mn) 145.00 MGlKG NA 0.0423 5.36 
102 B046 Mercury (Hg) 

Total 
4.20 MGlKG NA 0.1920 24.33 

25.7743 0.7892 



Table 10.14.8.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
SWMU 102 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) K Risk Hazard Index % HI 
102 BOO1 Arsenic (As) 9.90 MGlKG 3.6581 59.27 0.0228 100.00 
102 BOO1 B(a)P Equiv. 746.71 UGIKG 2.5143 40.73 N A 

Total 6.1724 0.0228 

102 8002 Arsenic (As) 14.30 MGIKG 5.2840 43.99 0.0329 100.00 
102 8002 B(a)P Equiv. 1998.00 UGIKG 6.7275 56.01 N A 

Total 12.0115 0.0329 

102 8003 Arsenic (As) 12.30 MGIKG 4.5449 38.57 0.0283 100.00 
102 BOO3 B(a)P Equiv. 21 49.80 UGlKG 7.2387 61.43 N A 

Total 11.7836 0.0283 

102 0004 Arsenic (As) 8.60 MGIKG 3.1778 47.87 0.0198 100.00 
102 8004 B(a)P Equiv. 1027.62 UGfKG 3.4601 52.13 N A 

Total 6.6379 0.0198 

102 8005 Arsenic (As) 9.50 MGIKG 3.5103 43.30 0.0218 100.00 
102 €3005 B(a)P Equiv. 1 364.98 UGIKG 4.5961 56.70 N A 

Total 8.1064 0.0218 

102 8006 Arsenic (As) 6.50 MGlKG 2.4018 48.75 0.0149 100.00 
102 0006 B(a)P Equiv. 

Total 
749.87 UGIKG 2.5249 51.25 N A 

4.9267 0.0149 

102 8007 Arsenic (As) 3.t0 MGIKG 1.1455 100.00 0.0071 100.00 
102 8007 B(a)P Equiv. ND UGIKG N A N A 

Total 1.1455 0.0071 

102 8008 Arsenic (As) 13.40 MGlKG 4.9514 33.42 0.0308 100.00 . . 

102 8008 B(a)P Equiv. 2929.00 UGlKG 9.8624 66.58 N A 
Total 14.8137 0.0308 

102 8009 Arsen~c (As) 8.50 MGIKG 3.1408 99.99 0.01 95 100.00 
102 BOO9 B(a)P Equiv. 0.12 UGIKG 0.0004 0.01 N A 

Total 3.1412 0.0195 

102 8034 Arsenic (As) 27.80 MGlKG 10.2723 66.49 0.0639 100.00 
102 8034 B(a)P Equiv. 1537.40' UGIKG 5.1766 33.51 N A 

Total 15.4489 0.0639 

102 8035 Arsenic (As) 13.10 MGIKG 4.8405 100.00 0.0301 100.00 
102 8035 B(a)P Equiv. ND UGIKG N A N A 

Total 4.8405 0.0301 

102 8036 Arsenic (As) 26.60 MGIKG 9.8289 35.99 0.0612 100.00 
102 8036 B(a)P Equiv. 51 92.70 UGlKG 17.4845 64.01 N A 

Total 27.31 34 0.0612 



Table 10.14.8.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
SWMU 102 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % Hi 
102 B037 Arsenic (As) 23.50 MGIKG 8.6834 12.84 0.0540 100.00 
102 8037 B(a)P Equiv. 17501.40 UGIKG 58.9297 87.16 N A 

Total 67.61 31 0.0540 

102 8038 Arsenic (As) 27.20 MGIKG 10.0506 35.58 0.0625 100.00 
102 8038 B(a)P Equiv. 5404.30 UGlKG 18.1 970 64.42 N A 

Total 28.2476 0.0625 

102 8039 Arsen~c (As) 9.40 MGlKG 3.4734 96.95 0.0216 100.00 
102 8039 B(a)P Equiv. 32.41 UGIKG 0.1091 3.05 N A 

Total 3.5825 0.0216 

102 B040 Arsenic (As) 
102 8040 B(a)P Equiv. 

Total 

102 8041 Arsenic (As) 
102 8041 B(a)P Equiv. 

Total 

102 8042 Arsenic (As) 
102 8042 B(a)P Equiv. 

Total 

8043 Arsenic (As) 
8043 B(a)P Eauiv. 

Total 

8044 Arsenic (As) 
8044 B(a)P Equiv. 

Total 

6045 Arsenic (As) 
8045 B(a)P ~ q u i v  

Total 

8046 Arsenic (As) 
8046 B(a)P Equiv. 

Total 

10.60 MGlKG 3.9168 12.49 0.0244 100.00 
8149.80 UGIKG 27.4415 87.51 N A 

31.3583 0.0244 

2.60 MGIKG 0.9607 83.48 0.0060 100.00 
56.48 UGlKG 0.1902 16.52 N A 

1.1509 0.0060 

7.10 MGlKG 2.6235 25.73 0.0163 100.00 
2248.80 UGlKG 7.5720 74.27 N A 

10.1955 0.0163 

9.00 MGIKG 3.3256 60.98 0.0207 100.00 

9.20 MGIKG 3.3995 99.99 0.0212 100.00 
0.05 UGIKG 0.0002 0.01 N A 

3.3996 0.0212 

10.60 MGIKG 3.9168 27.47 0.0244 100.00 
3071.84 UGlKG 10.3433 72.53 N A 

14.2601 0.0244 

9.40 MGIKG 3.4734 93.33 0.0216 100.00 
- - -  - -  

73.76 UGlKG 0.2484 6.67 N A 
3.7217 0.0216 
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10.14.9 Corrective Measures Considerations 

For SWMU 102, the upper and lower soil intervals and the shallow groundwater were 

investigated. Based on the analytical results and the risk assessment, COCs requiring further 

evaluation through the CMS process were identified for the upper soil interval. However, 

residential use of the site is not expected, based on current site uses and the nature of surrounding 

buildings. Current reuse plans call for continued commercial/industrial use. The site is paved 

with concrete or asphalt and a11 soil samples were collected from beneath the pavement. The 

industrial exposure risk for the upper soil interval exceeds 1E-06 for arsenic and BEQs. Risk 

associated with the upper interval is diminished due to the site being capped with concrete and 

asphalt. Direct exposure is unlikely. 

Arsenic, mercury, and BEQs were identified as COCs in the upper soil interval. The soil pathway 

residential exposure risk ranges between 8E-06 to 4E-04 with an arithmetic mean risk of 7E-05 

and the HI ranges between 0.002 and 2 with an arithmetic mean HI of 0.5. Both means are 

between USEPA's acceptable ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI. 

Lead was identified at four locations (102SB002, 102SB003, 102SB039, and f 02SB046) above 

USEPA's residential acceptable residential level of 400 mglkg: 434 mglkg, 415, mglkg, 

919 mg/kg, and 754 mglkg, respectively. All samples were collected from beneath paved areas. 

No COCs were detected in the shallow groundwater at this location. No further action is 

recommended for the shallow groundwater. 

Potential corrective measures in addition to no further action for soil and respective COCs are 

presented in Table 10.14.9.1. 
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Table 10.14.9.1 
Potential Corrective Measures For SWMU 102 

Medium Compounds Potential Corrective Measures 

So2 Arsenic, lead, mercury, and BaP a) No Action 
b) intrinsic Remediation and 

Monitoring 
c) Containment by Capping 
d) Excavation and Landfill, if 

RCRA-nonhazardous Waste 
e) in-Situ, Chemical, and 

Physical Treatment 
f) Ex-Situ, Chemical and 

Physieal Treatment 
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10.15 SWMU 106, Blast Area, Drydock 3; and AOC 603, Burning Dump, 
Drydock 3 Area 

SWMU 106 consists of an abrasive blasting area near Drydocks 3 and 4. AOC 603 is outside on 

an area paved with asphalt/concrete, however,this area at one time was merely graded and covered 

with rock. When blasting operations occurred, temporary structures were erected using 

scaffolding and herculite to contain blast material. Steel grit and sodium bicarbonate are the 

reported materials used for blasting, although blasting operations are rarely conducted here. 

AOC 603 has not been investigated previously. However, SWMU 106 was investigated in June 

of 1989 in the area between Drydocks 3 and 4. Table 10.15.1 summarizes the results of this 

investigation. 

Table 10.15.1 
s m  106 

Previous Investigations 

Materials of concern identified in the Final Zone E RFI Work Plan, include metals, paints, 1 1  

solvents, and blasting material at SWMU 106. Petroleum hydrocarbons, and products of 12 

incomplete combustion are the materials of concern at AOC 603. Potential receptors that may be 13 

exposed to site contaminants include current and future building users and any site workers this 14 

area may support following base closure. 15 

Previous Investigation Analytical Results 

Date: June 2, 1989 

Type: Blast Media 

bation:  
Adjacent to quaywall tllmwn DDs 3 A 4 

Flash Point 3 1WF 
Total Halogens 0.12 wt% 
PH 7.0 Q 25°C 
Arsenic < 1.0 ppm 
Cadmium ~ 0 . 5  ppm 
Chromium <l.Oppm 
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To fulfill the RFI obligations for SWMU 106 and CSI obligations for AOC 603, soil 

and groundwater were sampled in accordance with the Final Zone E RFI Work Plan, and 

Section 3 of this report to determine whether contamination resulted from onsite activities. 

10.15.1 Soil Sampling and Analysis 

Soil was sampled in one round at SWMU 106 and AOC 603 from the locations shown in 

Figure 10.15.1. The Final Zone E RFI Work Plan, proposed coIlecting six soil samples from the 

upper interval and six samples from the lower interval. Soil samples were also collected at both 

intervals for the shallow monitoring well location proposed at this site. 

All seven proposed upper- and seven lower-interval samples were collected. All samples were 

submitted for analysis at DQO Level III for organotins and the standard suite of parameters which 

includes VOCs, SVOCs, pesticidesIPCBs, metals, and cyanide. The grid well location along the 

northern edge of the site was sampled for the standard suite of parameters at DQO Level 111, but 

it was not sampled for organotins. No samples were selected as duplicates at this site. Table 

10.15.1.1 summarizes soil sampling at SWMU 106 and AOC 603. 

Table 10.15.1.1 
SWMU 106 and AOC 603 
Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Collected Deviations 

Upper 3 7 Standard Suitea, Standard Suitea, pH adysis was added 
organotins organotins to one sample 

Lower 7 7 Standard Suite", Standard Suite', pH analysis was added 
organotins organotins to one sample 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticidesfPCB 



- SOIL BORINGS 
@ - CORE SAMPLES 
@ - DEEP MONITORING WELLS NAVAL BASE CHARLESTO 

@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 
A - SEDIMENT SAMPLES 

- MICKNESS SAMPLES 
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10.15.2 Nature of Contamination in Soil 1 

Organic compound analytical results for soil are summarized in Table 10.15.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.15 2 .2 .  Appendix H contains the complete 3 

data report for ail samples collected in Zone E. 4 

Table 10.15.2.1 
SWMU 106 and AOC 603 

Organic Compounds Detected in Soil bg/kg) 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Anthracene Lower 217 540 - 1,600 1,070 N A NA 

Benzoic acid Upper 217 120 - 180 150 100,000,000 0 

Lower I17 140 140 N A NA 

bis(ZEthylhexy1)phthafate Lower 1 /7 140 I40 NA NA 

Fluoranthene Upper 317 79.0 - 240 163 8,200,000 0 

Lower 317 110 - 800 447 NA NA 

fluorem Lower 217 380 - 1,700 1,040 NA NA 

2-Methy lnaphthalene Lower 217 410 - 3.500 1,960 NA NA 

Naphthalene Lower ln 870 879 NA NA 
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Table 10.15.2.1 
SWMU 106 and AOC 603 

Organic Compounds Detected in SoiI 

Number of 
Rmnge of Mean of Samples 

Snmpliag Freq. of Detected Detected industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Pyrene Upper 517 120 - 680 274 6,100,000 0 

SVOCs (B(a)P Equivalents) 

B(a)P Equiv. upper 5f7 124 - 338 200 780 0 

Lower 5n 261 - 836 425 NA NA 

Lower 517 120 - 1,000 428 N A N A 

Benzo(b)fluoraMbene UPW In 82.0 82.0 7,800 0 

Lower 217 160- 190 175 NA NA 

Lower 417 190 - 280 248 NA N A 

Benzo(a)Wrene ~ P P M  4/7 88.0 - 320 175 780 0 

Lower 517 140 - 710 336 NA N A 

Chrysene Upper 517 80.0 - 330 176 780,000 0 

Lower 5l7 I 8 0  - 1,100 470 N A NA 

Lower 417 140-240 188 N A N A 
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Table 10.15.2.1 
SWMU 106 and AOC 603 

Organic Compounds Detected in Soil Olgflrg) 

Number of 
Range of Mean of Samples 

Sampling h q .  of Detected Detected Industrial Exceeding 
Interval Detection Cone. Conc. RBC RBC 

Pesticides 

deIta-BHC fAlwer 117 29.0 29.0 910 NA 

gamma-BHC (Lindane) Lower ln 5.74 5.74 N A N A 

namma-Chlordane Lower 117 8.36 8.36 N A N A 

Endrin aldehyde Upper 117 3.55 3.55 61,000 0 

Notes: 
pglkg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.15.2.2 
SWMU 106 and AOC 603 

inorganic Detections for Sail (mgtkg) 

Number of 
Range of Mean of 

SPmple F q .  of 
h P l =  

Detected Detected Industrial Reference Excedhg 
Element lntvval Detection CON. Conc. RBC Conc. RBC and RC 

Alumhum (Al) Upper 317 1.030 - 9,370 5,780 lOO+aK) 26,a 0 

Lower 7/7 6,810 - 34.700 16,900 NA 41,100 N A 

Antimony (Sb) Upper 617 0.510 - 3.30 1.13 82 1.77 0 

Lower 417 0.900 - 2.00 1.40 N A 1.60 N A 

Arsenic ((As) upper 717 0.610 - 26.8 7-30 3-80 23-9 1 

Lower 717 4.60 - 47.2 21.3 NA 19.9 N A 

Barium (Ba) Upper 7/7 3.80 - 41 1 70.6 14,000 130 0 

Lower 717 14.4 - 55.5 37.4 NA 94.1 N A 
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Table 10.15.2.2 
SWMU 106 and AOC 603 

lnorgnnic DetbcCians for Soil (u@@ 

Number of 
R w P  of Mean of Samples 

Sample Frcq. of Dettcttd Detected Industrial Refennee Exceeding 
Eluaent Internal Detection Conc. Conc. RBC Conc. RBCnndRC 

BeryNium me) WIWr 5 f l  0.150 - 0.930 0.344 1.30 1.70 0 

'Lower 717 0.360 - 1.50 0.917 N A 2.71 N A 

Cadmium (Cd) Upper 217 0.160 - 1.90 1.03 100 1 .50 0 

Chromium (Cr) Upper 717 3.30 - 23.0 10.6 1.m 94.6 0 

Lower 7/7 19.9 - 53.1 35.0 N A 75.2 N A 

Lower 717 5.20 - 31.6 17.9 N A 152 N A 

Cyanide 0 7  tawcr IU 0.%20 0.820 NA NA N A 

Iron (Fe) Upper 717 1.360 - 19.500 8,050 61,000 N A 0 

Lower 717 8,910 - 44,200 25, LOO N A N A N A 

twd (Pb) Upper 7/7 3.40 - 84.3 l P . l  1 ,B-J 265 0 

tower 717 6.10 - 272 70.0 NA 173 N A 

Magnesium (Mg) Upper 717 58.2 - 3,320 968 N A N A N A 

Lower 3/7 0.050 - 0.320 0.143 N A 1.59 N A 

Nick! (Ni) Upper 7/7 2.60 - 13.2 6.W 4,100 77.1 0 

Lower 717 4.80 - f8.l 11.7 NA 57 .O NA 
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Table 10.153.2 
SWMU106mldAOC603 

Inorgattic Dc(ectiom for Sail (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected W e d  Lndurtninl Reference Exceeding 
Element Interval DctccUon Canc. Conc. RBC Cone. RBC and RC 

Potassium (K) U ~ p t r  5/7 651 - 1.740 999 N A N A N A 

Lower 717 601 - 4.660 2.360 N A N A N A 

Selenium (Se) b w e t  517 Q,n0 - 1.20 0.%2 N A 2.40 0 

Silver (Ag) U P F ~  117 0.280 0.280 1.m N A 0 

sodium [Ma) h P r  7f7 lQ5 - 2,340 940 N A N A N A 

Lower 717 85.2 - 6,070 2,740 NA NA NA 

Thallium (TI) Lower 1 17 0.800 0.800 N A N A N A 

Ti ISn) Upper 5n 2.40 - 6.10 3.36 I W.000 59.4 0 

h e r  5fl 2.70 - 6.60 4-26 NA 9.23 N A 

Vanadium (V) Upper 7/7 2.20 - 44.5 15.9 1,400 94.3 0 

Lower 717 20.3 - 88.5 48.8 N A 155 N A 

Notes: 
mglkg = Milligrams per kilogram 
RBC = hsk-based collcentration 
RC = Reference concentmtion 
NA = No indusmd RBC or RC established 

Volatile Organic Compounds .in Soil 1 

One VOC - acetone - was detected in soil samples collected at SWMU 106 and AOC 603. Two 2 

detections occurred in upper interval and three detections occurred in the lower interval. The 3 

VOC did not exceed its respective industrial RBC in the upper interval or respective SSL in the 4 

lower interval. 5 
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Semivolatile Organic Compounds in Soil 

Twenty SVOCs were detected in soil samples collected at SWMU 106 and AOC 603. Forty-one 

detections occurred in the upper interval and 52 in the lower interval. No SVOC exceeded its 

respective industrial RBC in the upper-interval. However, two SVOCs - benzo(a)anthracene and 

chrysene - exceeded their respective SSL in the lower-interval. 

Benzo(a)anthracene was detected in five of seven lower-interval samples with a range of 120 to 

1,000 pglkg and a mean of 428 pgkg. One lower-interval sample (lMSB003, 1000 pglkg) 

exceeded the benzo(a)anthracene SSL of 700 pglkg . 

Chrysene was detected in five of seven lower-interval samples with a range of 180 to 1,100 pg/kg 

and a mean of 470 pglkg. One lower-interval sample (106SB003, 1,100 pglkg) exceeded the 

chrysene SSL of 1,000 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at SWMU 106 and 

AOC 603. The upper-interval BEQ was calculated for five samples with a range of 128 to 

338 pglkg and a mean of 200 pglkg. No samples exceeded the benzo(a)pyrene industrial RBC 

of 780 pglkg . 

Pesticides and PCBs in Soil 

Eight pesticides were detected in soil samples collected at SWMU 1% and AOC 603. Three 

detections occurred in the upper-interval and five occurred in the lower-interval. No pesticides 

exceeded their respective industrial RBC in the upper-interval. However, one pesticide - alpha- 

BHC - exceeded its respective SSL in the lower-interval. 

Alpha-BHC was detected in one of seven lower-interval samples at 8.39 pglkg. One sample 

(106SB003, 8.39 pglkg) exceeded the alpha-BHC SSL of 0.4 pglkg . 



Drafr Zone E RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluan'onr 
November 1997 

No PCBs were detected in soil samples collected at SWMU 106 and AOC 603. 

Other Organic Compounds in Soil 

No other organic compounds were detected in soil samples collected at SWMU 106 and AOC 603. 

Inorganic Elements in Soil 

Twenty-five metals were detected in soil samples collected at SWMU 106 and AOC 603. One 

hundred and twenty-nine detections occurred in the upper-interval and 141 occurred in the 

lower-interval. One metal - arsenic - exceeded both its respective industrial RBC and RC in the 

upper-interval and respective SSL and RC in the lower-interval. 

Arsenic was detected in seven of seven upper-interval samples with a range of 0.610 to 

26.8 mglkg and a mean of 7.30 mglkg. One upper-interval sample (106SB001, 26.8 mg/kg) 

exceeded both the arsenic industrial RBC of 3.80 mglkg and the RC of 23.9 mglkg . 

Arsenic was detected in seven of seven lower-interval samples with a range of 4.60 to 47.2 mglkg 

and a mean of 21.3 mglkg. Four lower-interval samples (106SB001, 27.5 mgikg; 106SB002, 

24.1 mg/kg; 106SB003,47.2 rnglkg; and 603SB003,20.1 mglkg) exceeded both the arsenic SSL 

of 15 rnglkg and the RC of 19.9 mgfkg. 

10.15.3 Groundwater Sampling and Analysis 

One deep monitoring well and one shallow monitoring well were installed and sampled to assess 

groundwater quaIity at SWMU 106 and AOC 603 as shown in Figure 10.15 -2. The wells were 

installed as follows: 

Shallow Well installed at SWMU 106 - NBCE106001 

Deep Well installed at SWMU 106 - NBCE10601D 



LOCATED NEAR THE PRESENT SIE 

- DEEP MONITORING WELLS NAVAL BASE CHARLESTO 

@ - SHAUOW MONITORING WEUS CHARLESTON, S.C. 
- SEDIMENT SAMPLES 

Q) - THICKNESS SAMPLES 
6 - MPE SAMPLES 
Q - SURFACE WATER SAMPLES 
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One deep and one shallow well proposed for this site were not installed due to the proximity of 

supplemental well pair NBCEGDE003 and NBCEGDE03D. The shallow and deep grid-based 

well pair, installed adjacent to AOC 603, were used to assess the groundwater along the northern 

boundary of AOC 603. Groundwater samples from SWMU 106 and AOC 603 were submitted 

for analysis at DQO Level I11 for VOCs, SVOCs, pesticidesIPCBs, metals, cyanide, chlorides, 

sulfates, TDS, and organotins. The grid-based shallow and deep we11 pair samples were not 

submitted for organotins. No duplicate samples were collected at this site. Table 10.15.3.1 

summarizes groundwater sampling and analysis at SWMU 106  and AOC 603. 

Table 10.15.3.1 
SWMU 106 and AOC 603 

Groundwater Sampling Summary 

Wells Wells Analyses Analyses 
Proposed Installed Deviations 

Shallow 2' I' Standard Suiteb, Standard Suiteb, A shallow grid-based well 
chlorides, TDS, chlorides, TDS, replaced one well 
sulfates, and sulfates, and 
organotins organotins 

Deep 2a 1' Standard Suiteb, Standard suiteb, A deep grid-based well 
chlorides, TDS, chlorides, TDS, replaced one well 
sulfates, and sulfates, and 

Notes: 
a = Per the Final Zone E RFI Work Plan, one shallow and deep grid-based well pair were incorporated in 

characterizing the site due to proximity of the well pair 
b = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

The shallow monitoring wells were installed at 14.8 to 17 feet bgs in the surficial aquifer. The 

Deep wells were installed at 32.6 to 32.9 feet bgs at the base of the surficial aquifer. All wells 

were installed in accordance with Section 3.3 of this report. 
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10.15.4 Nature of Contamination in Groundwater 1 

Organic compound analytical results for shallow and deep groundwater are summarized in 2 

Tables 10.15.4.1 and 10.15.4.2, respectively. Inorganic analytical results for shallow and deep 3 

groundwater are summarized in Tables 10.15.4.3 and 10.15.4.4, respectively. Appendix H 4 

contains the complete data report for all samples collected in Zone E. 5 

Table 10.15.4.1 
mYMU 106 and AOC 603 

Organic Compounds Detected in First Quarter Groundwater Org/L) 
Shallow Monitoring Well 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Compound Detection Conc. Conc. RBC MCL RBC 

s v o c s  

Notes: 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 

Table 10.15.4.2 
SWMU 106 and AOC 603 

Organic Compounds Detected in First Quarter Groundwater @g/L) 
Deep Monitoring Well 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Detection Conc. 

Volatile Organic Compounds 

Acetone 1 /I 13.0 13.0 370 Nb 0 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 
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Table 10.15.4.3 
SWMU 106 and AOC 603 

l n o ~ g ~ n i c  Detections for First Quarter Groundwater (pg/L) 
Shallow Monitoring Well 

Number of 
Rartge of Mean of Samples 

Freq. of Detected Detected Tap Water Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL R3C and RC 

Arenic (As) 111 36.3 36.3 0.0950 18.7 50.0 1 

Calcium (Ca) 111 179,000 179,000 N A NA N A NA 

Cobalt (Co) 111 4.10 4.10 220 2.5 NA 0 

Iron (Fe) 111 20,400 20,400 1,100 NA NA 1 

Manganese (Mn) 111 204 204 84.0 2.560 N A 0 

Nickel (Ni) 1/I  21.9 11-9 73 .O 15.2 100 0 

Potassium (K) 111 269,000 269,000 N A N A N A N A 

Notes: 
@ g L  = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 

Table 10.15.4.4 
SWMU 106 and AOC 603 

lnorgnnic Detections for First Quarter Groundwater w) 
Deep Monitoring Well 

Number of 
Range of Mean of 

Frq. of Detected Detected Tap Water Reference 
k p l e s  

Exceedimg 
Element Dttefblan Conc. Cane. RBC Cwe. MCL RBCmdRC 

Barium @a) 111 77.3 n.3 260 218 2,m 0 

Beryllium (&) 111 1.30 1.30 0.0160 1.2 4.00 1 

Copper (Cu) 111 3.90 3.90 150 N A 1,300 0 
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Table 10.15.4.4 
SWMU 106 a d  AOC 603 

horgauic Detectim for First QuPrter Groundwater m) 
Dccp Monitoring Well 

Number of 
Rnnge of Mean of Samples 

Freq. of Detected Detected Tap Water Reference Exceeding 
Element tk!t&bn Conc. Conc. RBC Conc. MCL R3CmdRC 

Magnesium (Mg) 111 1,070,000 1,070.OOO N A N A N A N A 

Nickel (Ni) 1/1 8.60 8.60 73.0 42.2 LOO 0 

Potassium (K) 111 298.m 298,000 Nh N A ??A NA 

Sodium (Na) 111 8,270,000 8,270,000 N A N A N A N A 

Notes: 
f l g / L  = Micrograms per liter 
R3C = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Rcferencc concentration 
NA = No RBC. MCL, or RC established 

Volatile Organic Compounds in Groundwater 

Deep Groundwater 

One VOC - acetone - was detected in the one deep groundwater sample collected at SWMU 106 

(no deep wells were installed at AOC 603). The VOC did not exceed its respective tap-water 

RBC. 

Semivolatile Organic Compounds in Groundwater 

Shallow Groundwater 

One SVOC - 4-methylphenol - was detected in the one shallow groundwater sample collected 

at SWMU 106 (no shallow groundwater wells were installed at AOC 603). The SVOC did not 

exceed its respective tap-water RBC. 
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Inorganic Elements in Groundwater 

Shallow Groundwater 

Nine metals were detected in the one shallow groundwater sample collected at SWMU 106. Two 

metals - arsenic and iron - exceeded both their respective tap-water RBC and shallow 

groundwater RC. 

Arsenic was detected in well NBCE106001 (36.3 pg/L), exceeding both the arsenic tap-water RBC 

of 0.0450 pglL and shallow groundwater RC of 18.7 pg/L* The sample did not exceed the arsenic 

MCL of 50.0 pglL. 

Iron was detected in well NBCE106001 (20,400 pglL), exceeding the iron tap-water RBC of 

1,100 pg/L. No shallow groundwater RC or MCL has been established for iron. 

Deep Groundwafer 

Ten metals were detected in the one deep groundwater sample collected at SWMU 106. Three 

metals - beryllium, iron, and manganese - exceeded both their respective tap-water RBC and 

deep groundwater RC . 

Beryllium was detected in well NBCElMOlD (1.30 pg/L), exceeding both the beryllium tap-water 

RBC of 0.0160 pg/L and deep groundwater RC of 1.20 pg/L. The sample did not exceed the 

beryllium MCL of 4.00 pglL. 

Iron was detected in well NBCE10601D (1,430 pglL), exceeding the iron tap-water RBC of 

1,100 pg/L. No deep groundwater RC or MCL has been established for iron. 
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Manganese was detected in we11 NBCE10601D (949 pg/L), exceeding both the manganese tap- 

water RBC of 84.0 pg/L and deep groundwater RC of 869 pg/L. No MCL has been established 

for manganese. 

10.15.5 Fate and Transport Assessment for SWMU 106 and AOC 603 

Combined SWMU 106 consists of an abrasive blasting area near Drydocks 3 and 4 and a former 

burrring dump at AOC 603 near Drydock 3. The entire ground surface at these sites consists of 

asphalt pavement or concrete; however, at one time this area was graded and covered with rock. 

Environmental media sampled as part of the combined SWMU 106 Rm include surface soil, 

subsurface soil, and shallow and deep groundwater. Potential constituent migration pathways 

investigated for combined SWMU 106 include soil to groundwater, groundwater to surface water, 

and emission of VOCs from surface soil to air. 

10.15.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.15.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) RCs. To provide 

a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed to be diiuted 

by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Four organic compounds - benzo(a)anthracene, alpha-BHC, delta-BHC, and gamma-BHC 

(Lindane) - were detected in combined SWMU 106 soil at concentrations greater than 

groundwater protection SSLs and were carried over to the second-tier screen. All four 

exceedances were reported from the same subsurface soil sample, 106SB003. None of the four 

compounds was detected in groundwater samples, indicating that the current soil-groundwater 

equilibrium is sufficiently protective of the surficial aquifer. Mean and maximum concentrations 

of the VOC, most pesticides, and virtually all SVOCs were higher in subsurface samples than in 
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surface soil, indicating that a layer of uncontaminated fill dirt may have been applied before the 

burning dump site was paved. 

Four inorganics - antimony, arsenic, cobalt, and manganese - were detected in soil sample 

above their groundwater protection SSLs and were carried over to the second-tier screen. Arsenic, 

cobalt, and manganese were also detected in groundwater samples, indicating a completed pathway 

from soil to groundwater for these three metals. Of the three, only arsenic was detected in 

groundwater above its tap water RBC or RC. Antimony and cobalt exceeded their respective 

groundwater protection SSLs in single surface soil samples (603SB001 and 603SB002, 

respectively). Manganese exceeded its RC in a single subsurface soil sample (106SB003) while 

arsenic exceeded its RC in a single surface soil sample (106SB001) and two subsurface soil 

samples (106SB01 and 106SB003). As with the organic compounds, most inorganics were 

detected at higher concentrations in subsurface soil. 

10.15.5.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.15.5.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or (b) RCs for groundwater, as well as to the saltwater surface 

water chronic values. To provide a conservative first-tier screen, no attenuation or dilution of 

constituents in groundwater is assumed before comparison to the relevant standards. 

No organic compounds were detected in groundwater samples at concentrations above tap water 

RBCs or saltwater surface water chronic screening levels. 
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Three inorganics - arsenic, beryllium, and copper - were detected in first-round groundwater 

samples above their respective tap water RBCs and/or saltwater surface water chronic screening 

levels and were carried over to the second-tier screen. Arsenic exceedances occurred in samples 

from shallow wells NBCE106001 and NBCEGDE003 but not from deep groundwater wells. 

Beryllium and copper exceeded their tap water RBC and saltwater surface water chronic screening 

values, respectively, in a deep groundwater sample from well NBCE10601D. These two metals 

were not detected in shallow groundwater samples. Preliminary analysis of subsequent sampling 

round results indicates continuing exceedances for arsenic in shallow groundwater, but copper and 

beryllium exceedances were limited to first-round samples. 

10.15.5.3 Soil and Groundwater-to-Surface Water Cross-Media Transport: Tier Two 

Table 10.15S.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted IU3Cs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that may pose a threat to surface 

water quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for combined 

SWMU 106 is 238,000: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper fiver through the associated migration pathways. The elevated 

concentrations of benzo(a)anthracene and several pesticides in soil samples are not of concern 
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because PAHs and most pesticides are not particularly mobile in soil or groundwater. The 

maximum arsenic concentration in subsurface soil was just over 25 % of its adjusted SSL. Arsenic 

was also the closest of all second-tier groundwater constituents to its adjusted ecological/human 

health RBC value, which was over two orders of magnitude higher. The adjusted SSLs were 

obtained assuming a DAF of 1, while the calculated DAF for combined SWMU 106 is 27, taking 

into account dilution only. Consequently, the margin between detected soil concentrations and 

levels protective of the Cooper River is actually much greater than indicated by the table. 

10.15.5.4 Soil-to-Air Cross-Media Transport 

Table 10.15.5.3 lists the only VOC (acetone) detected in surface soil samples collected at 

combined SWMU 106 along with its corresponding soil-to-air volatilization screening level. No 

exposed soil is currently present at the site. In addition, acetone was not reported at a maximum 

concentration exceeding its corresponding soil-to-air volatilization screening level, As a result, 

the soil-to-air migration pathway is not expected to be a viable pathway at combined SWMU 106. 

10.15.5.5 Fate and Transport Summary 

In the first-tier screen, four organic compounds were detected above their generic SSLs in a single 

subsurface soil sample but were not detected in groundwater samples. Slightly elevated PAH 

concentrations in subsurface soiI may reflect past site use as a burning dump. Of the four 

inorganics (antimony, arsenic, cobalt and manganese) exceeding their groundwater protection 

SSLs in soil, only arsenic was detected in shallow groundwater above both its RC and saltwater 

surface water chronic screening values. Beryllium and copper in deep groundwater samples 

exceeded their RC and saltwater surface water screening values, respectively. Sample results from 

subsequent sampling rounds indicate continued elevated arsenic concentrations in shallow 

groundwater but decreased beryllium and copper concentrations below groundwater screening 

values in deep groundwater. There is no threat to surface water in the Cooper River via the 

evaluated migration pathways since none of the constituents exceeding first-tier screening values 

also exceeded the adjusted screening values of the second-tier comparisons. 



Table 10.15.5.1 
Chemicals Dctcolcd in Surface Soil, Subsurface Soil, Shallow Groundwater, a d  Deep Groundwater 

Comp&ison to SSLs, Tap Water RBCB, Salt Water Surface Water Chronic Screening h h ,  and Backgfomd Gmocnhtim: Tier One 
NAVBASE-Charleston, Zone E: SWMU 106 and AOC 603 
Chlcston, South Carolina 

Ground- Surface 
water water 

Luohing Migntion M i w o n  
PdcntinI Concern Concern 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
YES NO NO 
YES YES YES 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO YES 
NO NO NO 
NO NO N o  

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO 0 NO 
NO NO NO 

ScnCning Conocnlntion' 
Soil to Salt Wlr. 
GW Tap Water Sutf. WU. 
SSL RBC Chronic 

8000 3700 NA 

285000 2200 9.7 
5900000 11kO NA 

200000 150000 NA 
2.33E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 
3150 180 NA 

N A 150 NA 
1800000 4.8 NA 
2150000 1500 1.6 
280000 1500 NA 

63000 I500 NA 
690 180 NA 

42000 1500 
690000 1500 NA 

2100000 1100 NA 

0.25 0.011 
1.5 0.037 NA 
4.5 0.052 0.016 

5000 0.052 0.004 
5000 0.852 0 .004umo 

16000 0.2 0.001 
500 11 NA 
350 0.0012 0.0036 

41100 37000 
2.5 15 

23.9 18.7 36 
820 2600 

3 2 1.2 
4 18 

94.6 37000 103 
19 2200 

152 1500 2.9 
20 730 37.3 

400 15 P.5 
881 2560 
2.6 11 0.2 

77.1 730 42.2 
2.5 180 71 
17 t8O 0.23 

2.8 2.9 21.3 
59.4 22000 

Max. Conocntration 

Shallow Dccp 
CW GW 

ND 13 

ND ND 
ND ND 
ND ND 
ND ND 

ND NTJ 
ND ND 
ND ND 
M) ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

1 ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 

36.3 ND 
ND 77.3 
ND 1.3 
ND ND 
ND ND 
4.1 ND 
ND 3.9 
ND ND 
ND ND 
204 949 
ND ND 

11.9 8.6 
ND ND 
ND ND 
ND ND 
ND ND 

Paramctcr 

Volatile Organic Compounds 
Acetooe 

SemivolPtile Organic Compouada 
Acenaphthene 
Anhacene 
Benzoic acid 
Bcnz&h,i)pcrylene 
Benzo(a)pyrene quivalent~ 

Benzo(a)an-e 
Bao(a)Pyr~ne 
Btrtzo@)fluocmthcne 
Bsnzo(k)fluormthcnc 

we 
Dibcnzo(qh)anthracene 
I n d e d l 9 2 , 3 . 4 d ) P ~ e  

4Chloto-3-mcthylphmd 
Dibcnzohrran 
bia(2-Ethylhcxy1)phIhaIatc (BEHP) 
Flwrmthene 
F l m e  
2-Methylnaphthalene 
4-Methylphenol @.crrrol) 
Naphthalcnc 
Phmanthrenc 

PuticidedPCB Compounds 
alpha-BHC 
delta-BHC 
gamma-BHC (Lindane) 
alpha-Chlordane 
gauunn-chlordane 
4,4'-DDT 
Endrin aldehyde 
Heptachlor epoxide 

Inorganic Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 

Co~pcr  
Cyanide 
b a d  
Manganac 

Me-Y 
Nickel 
Selenium 
Silver 
Thallium 
Tin 

Soil Watct 
UNtr UNb 

uGK0 Uah 

m a  uon 
w o  U G ~  

u m o  uon. 
U ~ O  u a  

u m a  uan 
v ~ c o  urn 
u r n  urn 
u m o  ucitt 
U M C ~  uon 
u ~ t a  uaz 
WG u a  
u r n  uaz. 
u m o  uan. 
u m o  uon 
u m o  urn 
UOI(C uon 
ucu~a uon 
uolvo uwz 

23 .5umo uah 

umo UWL 

uaro  u r n  

1 4 0 0 m o  uoh 
volxa uon  
m a  ucbz 
m a  ucan. 

wan. 
uol~o uah 

uwxo uoa 
u m o  uon 

N A M ~ K ~  urn 
N A ~ o x o  uah 

w m o  ua% 
N A M ~ G  U O ~  

N A m a  urn 
9 . 3 u m a  um. 

M ~ K O  UM. 

NAuolvc LWL 

MWG urn 
MGKG uaz. 
MOIKC U r n  

NAMO uoh 
M ~ K O  utn 
M ~ K G  uoh 

MWG uwr. 
M ~ G  uoh 
wo urn. 

NAMMO uoh 

Mau. ConocnLration 

Surface Subaurfaae 
Soil Soil 

58 84 

220 1100 
ND 1600 
180 140 
430 640 

180 1000 
320 710 

82 190 
240 280 
330 1100 
120 110 
110 240 
100 ND 
ND 390 
ND 140 
240 800 
ND 1700 
ND 3500 
ND ND 
ND 870 
130 6300 
680 4700 

ND 8.39 
ND 29 
ND 5.74 

3.01 ND 
ND 8.36 

8.23 ND 
3.55 ND 
ND 6.25 

9370 34700 
3.3 2 

26.8 47.2 
41 I 55.5 
0.93 1.5 

1.9 0.86 
23 53.1 

30.6 8.9 
28.4 31.6 
ND 0.82 

84.3 272 
200 1040 
0.35 0.32 
13.2 18.1 
ND 1.2 

0.28 ND 
ND 0.8 
6.1 6.6 



Table 10.15.5.1 
Chcmicala Retectcd in Surface Soil, Subsurface Soil, Shallow Groundwater, and Deep Groundwater 
Compnhon to SSLs, Tap Water RBCs, Salt Water Srrrfnce Water Chronic Screening Levels, and Background Conccnhticma: Tier Onc 
NAV3ASE-Chulston, Zone E: SWMU 106 and AOC 603 
Charleston, South Carolina 

* Screening Concentrations: 
Soil to G W  - Generic SSLs bared on DAF = 10, adapted from 1996 EPA Soil Screening Guidance or anlcutatcd using v a l w  fram Table 6.2 
Tap Water RBC - Ftom EPA Region I11 Risk-Baaed Cwccnmtion Table, Jmc 3,1996 
Salt Watcr Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecologianl Risk h\rrcauncnf Novmber, 1995; Table 2 

In each cae, the value shown is the greater of the relevant wrcening value or the oamspondinfi background ref-e value 

Uniis: See notes for Table 10.1.5.1 

Parameter 

Vanadium 
Zinc 

Scmning Conccnttltion ' 
Soil to Salt Wtr. 

GW Tap W s t a  Surf. Wtr. 
SSL RBC Chronic 

3000 260 
6000 f 1000 86 

Mnx. Concentralion 

S u r f ~ e  Subsurface 
Soil Soil 

44.5 88.5 
478 507 

Soil Watcr 
Units Unib 

N A w o  w;n. 

uam UM. 

Max. Concentration 

Shallow Deep 
OW GW 

ND ND 
ND ND 

Ground- Surfwe 
Watcr Water 

Leaching Migration Migration 
Potential Cmccm Concern 

NO NO NO 
NO NO NO 
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Table 10.15.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: SWMU 106 and AOC 603 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region I11 Risk-Based Concentration Table, June 1996. 
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10.15.6 Fixed-Point Risk Evaluation for SWMU 106 

10.15.6.1 Site Background and Investigative Approach 

SWMU 106 is an abrasive blast area near drydock number 3 and AOC 603 is the site of a former 

burning dump. The following refers to these sites as combined SWMU 106. This site is located 

in a highly industrialized portion of Zone E. As a result, the risk assessment for this site is 

presented as a FRE following the framework presented in Section 7.3 

A total of seven surface soil samples were considered in the combined SWMU 106 FRE. Two 

monitoring wells were installed as part of the 1995 RFI. One of these monitoring wells was 

installed into the shallow aquifer and one was installed into the deep aquifer. Groundwater data 

generated from the frrst quarter RFI sampling event are used to represent point risklhazard for the 

combined SWMU 106 FRE. Sections 10.15.1 and 10.15.3 contain summaries of the sampling 

effort for SWMU 106 soil and groundwater. 

10.15.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.15.6.1 provides CPSS summaries for combined SWMU 106 soil and identifies COPCs 

based on comparison to residential and industrial RBCs and RCs. Based on residential RBCs, 

three COPCs (antimony, arsenic, and BEQs) were identified for combined SWMU 106. 

Aluminum and beryllium were detected in combined SWMU 106 soil at concentrations above their 

RBCs but were eliminated from consideration in the residential FRE based on comparison to their 

RCs. Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had 

been screened out based on RC. 

Table 10.15.6.2 summarizes the residential COPCs detected at each combined SWMU 106 sample 22 

location with contribution to risk and hazard. As shown, arsenic and BEQ compounds are the 23 

only contributors to risk for combined SWMU 106, exceeding 1E-06 at all seven locations. 24 
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Figure 10.15.3 is a spatial presentation of residential risk estimates for combined SWMU 106 soil. I 

Risk estimates range from 4E-06 to 8E-05 with an arithmetic mean risk of 2E-05. 2 

Figure 10.15.4 is a spatial presentation of HI estimates for combined SWMU 106 surface soil. 

As shown, HI projections exceeded the threshold of unity at one of seven sample locations. HI 

estimates range from 0.03 to 1 with an arithmetic mean HI of 0.4. Arsenic was the primary 

contributor to HI projections. 

Industrial Scenario 

Based on industrial RBCs, arsenic was identified as a COPC for combined SWMU 106 soil. 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 

screened out based on RC. 

Table 10.15.6.3 summarizes the industrial COPCs detected at each combined SWMU 106 sample 

location with contribution to risk and hazard. As shown, arsenic related risk estimates for 

combined SWMU 106, exceeded 1E-06 at all seven locations, based on the industrial scenario. 

Figure 10.15.5 is a spatial presentation of industrial scenario risk estimates for combined 

SWMU 106 surface soil. Risk estimates range from 2E-07 to 1E-05 with an arithmetic mean risk 

of 3E-06. 

HI projections did not exceed the threshold of unity at any sample locations based on the industrial 

scenario. HI estimates range from 0.001 to 0.06. 

10.15.6.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.15.6.4 provides CPSS summaries for combined SWMU 106 groundwater and identifies 

COPCs. Beryllium and manganese were identified as groundwater COPCs in the deep aquifer and 
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10.15.6.4 Uncertainty 

SWMU 106 uncertainty issues specific to the FRE and essential to the risk management process 

are presented in the following paragraphs 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil andlor a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at combined SWMU 106, nor is it 18 

used at NAVBASE or in the surrounding area. Municipal water is readily available. As 19 

previously mentioned, it is highly unlikely that the site will be developed as a residential area, and 20 

it is unlikely that a potable-use well would be installed onsite. It is probable that, if residences 21 

were constructed onsite and an unfiltered well were installed, the salinity and dissolved solids 22 

would preclude this aquifer from being an acceptable potable water source. 2 3 
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COPC Selection 

4-CNoro-3-methylphenol was detected in one of seven surface soil samples at a concentration of 

100 pglkg. There are no RBCs listed for this chemical in the Region III RBC tables, nor are there 

toxicological data with which to calculate a RBC. As a result, 4-chloro-3-methylphenol was not 

included in the FRE for combined SWMU 106. The maximum 4-chloro-3-methylphenol 

concentration did not exceed the RBC for 2-chlorophenol (39,000 pglkg). This minimizes the 

uncertainty associated with the elimination of 4chloro-3-methylphenol from consideration in the 

FRE. 

Quantification of Risk/Hazard 

Soil 

A conservative screening process was used to identify COPCs for combined SWMU 106. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of WCs  that were reduced one order of magnitude. 

For carcinogens the lU3Cs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risklhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, none was 

reported at a concentration close to its RBC (e.g. within 10% of its RBCs). 

Aluminum, beryllium, and manganese were present in combined SWMU 106 soil at concentrations 19 

above their RBC benchmarks and were eliminated from consideration in the FRE based on 20 

comparison to their RC. As a result, their contribution to risWhazard has not been considered in 21 

this FRE. 22 

Arsenic was a contributor to both risk and hazard projections for residential and industrial soil 23 

pathways. Arsenic exceeded its RC in only one of seven surface soil samples (106SB001). These 24 
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findings indicate that while arsenic contributes to elevated risk and hazard projections, its 

maximum concentration was only marginally above RCs and its average concentrations 

(7.3 mglkg) was well below its RC (23.9 mglkg). 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g. within 10% of its RBCs). 

Beryllium and manganese were contributors to risk and/or hazard projections for groundwater 

exposure pathways. Beryllium was detected in two of the four quarterly samples coIlected from 

the shallow aquifer (second and third quarters) at concentrations above its RC. The mean 

beryllium shallow groundwater concentration (assuming one-half SQL for nondetects) for all four 

quarters was calculated to be 0.61 pg/L which is only marginally above its RC of 0.43 pglL. 

Additionally, the concentration of beryllium in the deep groundwater averaged over four quarters 

is 0.79 pg/L which is below its RC for deep groundwater (1.2 pg/L), The concentration of 

manganese in the deep groundwater averaged over four quarters is 699 pg/L which is below its 

RC for deep groundwater (869 pg/L). These findings indicate that while beryllium and manganese 

contribute to elevated risk and/or hazard projections, their average concentrations were only 

marginally above their RCs . 

10.15.6.5 FRE Summary 

The risk and hazard posed by contaminants at combined SWMU 106 were assessed for the future 

site worker and the future site resident as sample point-specific estimates. In surface soils, the 

incidental ingestion and dermal contact pathways are reflected. The groundwater FRE was based 
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on first quarter data and considers the both the ingestion and inhalation pathways. Risk and HI 

estimates are presented on Tables 10.15.6.2, 10.15.6.3, and 10.15.6.5 such that a risk (E-06) or 

HI that exceeds one for any COPC at any given sample location is an indication that the 

concentration of that COPC exceeds its RGO (calculated at a target risk of 1E-06 and a target 

hazard quotient of 1). Section 7, Tables 7.3.1, 7.3.2, and 7.3,3 provide residential, industrial, 

and residential groundwater RGOs, respectively, for all of the COPCs identified for Zone E. 

Soil - Residential Scenario 

Arsenic and BEQ compounds were detected in combined SWMU 106 surface soil at concentrations 

above their residential RGOs. It should be noted that arsenic was detected at a maximum 

concentration only marginally above its RC. 

Soil - Site Worker Scenario 

Arsenic was detected in combined SWMU 106 surface soil at concentrations above its industrial 

RGOs. It should be noted that arsenic was detected at a maximum concentration only marginally 

above its RC. 

Groundwater - Residential Scenario 

Beryllium and manganese were detected in deep groundwater at concentrations above their RGOs 

and arsenic was detected in shallow groundwater above its RGO. Arsenic and beryllium did not 

exceed their MCLs through four quarters of sampling. While manganese was detected in deep 

groundwater at concentrations above its deep groundwater RCs, its average concentration over 

four quarters did not exceed its deep groundwater RC, 
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Table 10.15.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
SWMU 1061AOC 603 
NAVBASE-Charleston 

Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
106 8001 Antimony (Sb) 0.64 MGIKG NA m 
106 BOO1 Arsenic (As) 26.80 MGIKG 70.0016 92.59 1.2250 98.24 
106 BOO1 B(a)P Equiv. 338.33 UGIKG 5.6029 7.41 NA 

Total 75.6045 1.2469 

106 8002 Antimony (Sb) 0.51 MGlKG NA 0.0175 6.39 
106 BOO2 Arsenic (As) 5.60 MGIKG 14.6272 86.88 0.2560 93.61 
106 6002 B(a)P Equiv. 133.34 UGIKG 2.2082 13.12 NA 

Total 16.8354 0.2734 

106 BOO3 Antimony (Sb) 0.52 MGIKG NA 0.0178 7.66 
106 BOO3 Arsenic (As) 4.70 MGIKG 12.2764 100.00 0.2148 92.34 
106 8003 B(a)P Equiv. ND UGIKG NA NA 

Total 12.2764 0.2327 

603 BOO1 Antimony (Sb) 3.30 MGIKG NA 0.1131 67.35 
603 BOO1 Arsenic (As) 1.20 MGIKG 3.1344 48.60 0.0548 32.65 
603 8001 B(a)P Equiv. 200.18 UGlKG 3.3150 51.40 NA 

Total 6.4494 0.1680 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 

Total 

ND MGIKG NA NA 
0.61 MGlKG 1.5933 42.84 0.0279 100.00 

1.20 MGlKG NA 0.041 1 11.84 
6.70MGlKG 17.5004 84.12 0.3062 88.16 

199.48 UGlKG 3.3035 15.88 NA 
20.8039 0.3474 

0.61 MGIKG N A 0.0209 7.68 
5.50 MGlKG f4.3660 100.00 0.2514 92.32 
ND UGIKG NA NA 

14.3660 0.2723 



Table 10.15.6.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
SWMU 1061AOC 603 
NAVBASE-Charleston 

Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
106 BOO1 Arsenic (As) 26.80 MG/KG 9.9028 100.00 0.0616 100.00 

Total 9.9028 0.0616 

106 8002 Arsenic (As) 5.60 MG/KG 2.0692 100.00 0.0129 100.00 
Total 2.0692 0.0129 

106 BOO3 Arsenic (As) 4.70 MGIKG 1.7367 100.00 0.0108 100.00 
Total 1.7367 0.01 08 

603 8001 Arsenic (As) 1.20 MG/KG 0.4434 100.00 0.0028 100.00 
Total 0.4434 0.0028 

603 8002 Arsenic (As) 
Total 

603 8003 Arsenic (As) 
f otal 

603 8004 Arsenic (As) 
Total 
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Table 10.15.6.5 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
SWMU 106lAOC 603 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
106 GO1D Beryllium (Be) 1.30 UGIL 83.1389 100.00 0.0166 0.63 
106 GO1D Manganese (Mn) 

Total 
949.00 UGlL N A 2.6377 99.37 

83.1 389 2.6543 

106 GO01 Arsenic (As) 36.30 UGIL 809.8239 100.00 7.7352 100.00 
Total 809.8239 7.7352 
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10.15.7 Corrective Measures Considerations 

For SWMU 106 and AOC 603, the upper and lower soil intervals and the shallow and deep 

groundwater were investigated. Based on the analytical results and the FRE, COCs requiring 

further evaluation through the CMS process were identified for the shallow and deep groundwater 

However, residential use of the site is not expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued cornmercial/industriaI use. The 

industrial exposure risk for the upper soil interval exceeds 1E-M for arsenic. Risk associated with 

the upper interval is diminished due to the site being paved. 

Arsenic and BEQs were identified as COCs in the upper soil interval. The soil pathway residential 

exposure risk ranges from 4E-05 to 8E-05 with an arithmetic mean risk of 2E-05 and the equated 

HI ranges from 0.03 to 1 with an arithmetic mean of 0.4. Both are between USEPA's acceptable 

ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI. Since this site is covered with asphalt, 

no further action is recommended for soil. 

Beryllium was identified in deep groundwater at a concentration that equals risk above 8E-05. 

Manganese was identified at a concentration that equals an HI above 2. Both are between 

USEPA's acceptable ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI. Continued 

monitoring is recommended. 

Shallow groundwater-associated risk at monitoring well NBCE106001 is 8E-04 for arsenic with 

an equated HI of 7. These exceed USEPA's acceptable ranges for risk and HI. Groundwater 

containment and treatment is recommended. 

Potential corrective measures for the impacted media and respective COCs are in Table 10.15.7.1. 
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Table 10.15.7.1 
Potential Corrective Measures for SWMU 106 and AOC 603 

Medium Potential Corrective Measures 

Soil Arsenic and BEQ a) No Action 

Deep Groundwater Arsenic and Manganese a) No Action 
b) Intrinsic Remediation and 

Monitoring 

Shallow Groundwater Arsenic a) No Action 
bf hainsic Remediation and 

Monitoring 
c) Ex-Situ, Chemical and 

Physical Treatment 
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10.16 SWMU 145, Mercury Spill, Building l 3 A  

SWMU 145 is a mercury spill reportedly under a portion of Building 13A. No additional 

information could be found regarding the date, amount, or dumtion of the release(s). 

The material of concern for SWMU 145 indicated in the Final Zone E RFI Work PIan is mercury. 

Potential receptors that may be exposed to site contaminants include current and future building 

users and any site workers this area may support following base closure. 

To fulfill CSI objectives for S W  145, soil, groundwater, and air were sampled in accordance 

with the Final Zone E RFI Work P h ,  and Section 3 of this report to determine whether any 

contamination resulted from onsite activities. 

10.16.1 Soil Sampling and Analysis 

Soil was sampled in one round at SWMU 145 from the locations shown in Figure 10.16.1. The 

Final Zone E RFI Work Plan, proposed collecting nine soil samples from the upper interval and 

nine samples from the lower interval. Soil samples were also collected at the upper and lower 

intervals for the three shallow monitoring well locations proposed for the site. 

All proposed samples were collected and submitted for analysis of mercury at DQO Level EI. 

In addition, two upper-interval samples selected as duplicates were submitted for analysis at 

DQO Level IV for mercury as well as Appendix TX parameters which included herbicides, 

hexavalent chromium, organophosphorus pesticides, and dioxins. Table 10.26.1.1 summarizes 

soil sampling at SWMU 145. 



0 - CORE SAMPLES NAVAL BASE CHARLESTO 
@ - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 
A - SEDIMENT SAMPLES 

- THICKNESS SAMPLES 
- WlPE SAMPLES 
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Table 10.16.1.1 
SWMU 145 

Soil Sampling Summary 

Samples Samples 

Upper 12 12 Mercury Mercury None 

Lower 12 12 Mercury Mercury None 

10.16.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 10.16.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.1 6.2.2. Appendix H contains the complete 3 

data report for all samples collected in Zone E. 4 

Table 10.163.1 
SWMU 145 

Organic Compounds Detected in Soil (nglkg) 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Dioxins 

Dioxin Equiv . UW 212 0.0156 - 44.7 22.4 1,000 0 

1234678-HpCDD Upper 112 7.27 7.27 NA NA 

1234678-HpCDF Upper 1 12 9.36 9.36 N A  NA 

123478-HxCDF Upper 112 99.7 99.7 NA N A 

OCDD Upper 212 15.6 - 43.6 29.6 N A NA 

2378-TCDF Upper 112 138 138 NA NA 

Notes: 
ngfkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
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Table 10.1633 
SWMU 145 

Inorganic Detections for Soil (tug&) 

Number of 
Range of Mean of *@a 

Sample Freq. of Detocted Detected LaduPtrial Referpoce Exceeding 
Conc. RBC and RC 

Chromium (Hexavalent) Upper 1 1 2  0.122 0.122 1 ,m N A 0 

Mercury (Hg) Upper 6/12 0.0500 - 0.610 0.157 61 .O 2.60 0 

Lower 3/12 0.0400 - 0.0800 0.0633 N A 1.59 N A 

Notes: 
mglkg = Milligrams per kilogrnm 
RBC = Risk-bad concentration 
RC = Reference concentration 
NA = No industrial RBC or RC established 

Pesticides in Soil 

No organophosphorus pesticides were detected in soil samples collected at SWMU 145. 

Other Organic Compounds in Soil 

Seven dioxins were detected in the two duplicate soil samples collected at SWMU 145. Eight 

detections occurred in the upper interval. No industrial RBCs have been established for these 

parameters. No lower-interval samples were collected and analyzed for dioxins. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for the 

upper-interval samples. The TEQ was calculated for two samples with a range of 0.0156 to 

44.7 ng/kg and a mean of 22.4 nglkg. The calculated TEQ did not exceeded the industrial RBC 

of 1,000 ng/kg. 

Inorganic Elements in Soil 

Two metals were detected in soil samples collected at SWMU 145. Seven detections occurred in 

the upper interval and three in the lower internal. No metal exceeded both its respective industrial 

RBC and RC in the upper interval or respective SSL and RC in the lower interval. 
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10.16.3 Groundwater Sampling and Analysis 

One deep monitoring well and three shallow monitoring wells were installed and sampled to assess 

groundwater quality at SWMU 145 as shown in Figure 10.16.2. The wells were installed as 

follows: 

Shallow Wells - NBCE145001, NBCE145002, and Nf3CE145003 

• Deep Well - NBCE14501D 

Groundwater samples were submitted for analysis at DQO Level IlI for mercury, chlorides, 

sulfates, and TDS. One shallow groundwater sample was selected as a duplicate and submitted 

for analysis at DQO Level IV for the suite of parameters listed above, plus herbicides, 

organophosphorus pesticides, dioxin and hexavalent chromium. Table 10.16.3.1 summarizes 

groundwater sampling and analysis at SWMU 145. 

Table 10.16.3.1 
SWMU 145 

Groundwater Sampling Summary 

Wells Wells 
Depth Proposed Installed Analyses Proposed Analyses Collected Deviations 

Shailow 3 3 Mercury, chlorides, Mercury, chlorides, None 
sulfates, and TDS sulfates, and TDS 

Deep 1 f Mercury, chlorides, Mercury, chlorides, None 
sulfates, and TDS sulfates, and TDS 

The shallow monitoring wells were installed at 12 feet bgs in the surficial aquifer. The deep well 

was installed at 31 feet bgs at the base of the surficial aquifer. All wells were installed in 

accordance with Section 3.3 of this report. 



Q - CORE SAMPLES NAVAL BASE CHARLESTO 
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10.16.4 Nature of Contamination in Groundwater 1 

Organic compound analytical results for the duplicate shallow groundwater sample are summarized 2 

in Table 10.16.4.1. The sample from the deep monitoring well was not analyzed for organic 3 

compounds. No mercury was detected in shallow or deep groundwater. Appendix H contains the 4 

complete data report for all samples collected in Zone E. 5 

Table 10.16.4.1 
SWMU 145 

Organic Compounds Detected in F ' i  Quarter Groundwater (pgL) 
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Detection Conc. Conc. RBC MCL RBC 

Dioxins 

Dioxin Equiv. 111 0.00900 0.00990 0.4 N A 0 

OCDD 111 8.98 8.98 N A N A  N A 

Notes: 
pglL = Picograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 

Other Organic Compounds in Groundwater 6 

Shallow Groundwater 7 

One dioxin - OCDD - was detected in the duplicate shallow groundwater sample collected from s 

SWMU 145. No tap-water RBC or MCL has been established for OCDD. 9 

In accordance with recent dioxin guidance, a TEQ (dioxin equivalent) was calculated for the lo 

sample from well NBCE145002 (0.00900 pg/L) . The sample did not exceed the 2,3,7,8-TCDD I I 

tap-water RBC of 0.43 pg/L. No MCL has been established for the dioxin equivalent. 12 
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10.16.5 Air Sampling and Analysis 

The Final Zone E RFI Work Plan proposed screening the ambient air at SWMU 145 with a 

mercury vapor analyzer. Both the number and location of screening samples were to be 

determined in the field. Table 10.16.5.1 summarizes air sampling activity for SWMU 145. 

Table 10.16.5.1 
SWMU 145 

Air Sampling Summary 

Samples Samples 
Proposed Colleded Analyses Proposed Analyses Performed Deviations 

TBD Site EPA Metals Mercury Vapor No deviation from 

10.16.6 Nature of Contamination in Air 

No meTcury vapors were detected at SWMU 145. Suitable sampling locations were determined 

in the field and were biased in an attempt to identify worst case situations. 

10.16.7 Fate and Transport Assessment for SWMU 145 

SWMU 145 consists of a mercury spill area reportedly under a portion of Building 13A. Ground 

surface exposures at the site consist of a concrete foundation inside Building 13A and asphalt 

pavement outside of it. Environmental media sampled as part of the SWMU 145 CSI include 

surface soii, subsurface soil, shallow and deep groundwater, and air. The mercury spill was the 

primary focus of the SWMU 145 CSI and, as a result, most of the environmental media were 

analyzed for mercury only. Potential constituent migration pathways investigated for SWMU 145 

include soil to groundwater and groundwater to surface water. The migration pathway involving 

emission of VOCs from surface soil to air was not evaluated because VOCs were not analyzed in 

soil samples. Screening of ambient air for mercury vapor was conducted with none detected. 
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10.16.7.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.16.7.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) RCs. To provide 

a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed to be 

diluted by a ntio of 10: 1,  with no attenuation of constituents in soil WAF= 10). 

No organic compounds were detected in SWMU 145 soil at concentrations greater than 

groundwater protection SSLs. Dioxin equivalents, calculated from the trace concentrations of 

dioxin congeners (mainly OCDD), were present in a duplicate surface soil sample (145SB010), 

but at concentrations of less than 5 % of its generic SSL. 

AU soil sampIes were analyzed for mercury. Duplicates were analyzed for hexavalent chromium. 

Both metals were detected at concentrations below their respective groundwater protection SSLs. 

Hexavalent chromium was detected in a single duplicate surface soil sample (145SB009). 

Mercury was detected in six surface soil samples and three subsurface samples at concentrations 

below its RC of 2.6 mg/kg. Neither of these metals was detected in groundwater samples. 

10.16.7.2 Groundwater-to-Surf Water Cross-Media Transport: Tier One 

Table 10.16.7.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concenttations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or @) RCs for groundwater, as well as to the saltwater surface 

water chronic values. To provide a conservative first-tier screen, no attenuation or dilution of 

constituents in groundwater is assumed before comparison to the relevant standards. 
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No organic compounds were detected in groundwater samples at concentrations above tap water 

RBCs or saltwater surface water screening levels. A single duplicate first-round sample from 

shallow well NBCE145002 was analyzed for dioxins, pesticides, and organophosphate pesticides. 

Dioxin congeners were present in the duplicate sample (TCDD TEQ of 0.009 pg/L). Preliminary 

analysis of subsequent sampling round results indicate that dioxin congener concentrations 

decreased in well NBCE145002; however, a second-round deep groundwater sample from well 

NBCE14501D reported a dioxin TCDD TEQ value of 1.62 pg/L, which is nearly four times 

greater than its tap water RBC of 0.43 pg/L. No third or fourth-quarter dioxin analyses were 

conducted. 

No inorganic constituents were detected in first-round groundwater samples above their respective 

tap water RBCs or saltwater surface water screening levels. However, arsenic was detected in 

deep pundwater at well NBCE14501D at concentrations of 45.5 and 98.6 pg/L during the third 

and fourth rounds. These conenhations ex& both the arsenic RC and saltwater surface water 

chronic scmning values; the fourth-round ;due also exceeded arsenic's MCL of 50 pglL. The 

presence of arsenic at elevated concentrations in deep groundwater in the vicinity of SWMU 145 

is discussed in Section 10.10.9. Other than mercury (all samples) and hexavalent chromium (one 

shallow duplicate sample), no other metals were analyzed for during the first and second-round 

sampling. 

No first-tier constituents at SWMU 145 exceeded initial screening concentrations, therefore, no 

second-tier analysis using adjusted screening levels was required. 

10.16.7.3 Fate and Transport Summary 

No organic compounds or inorganic constituents exceeded their generic SSLs or groundwater 
C 

screening criteria in the first-tier screen. However, third and fourth-round arsenic concentrations, 

which exceeded its tap water RBC and saltwater surface water chronic screening values, were not 

subject to the screening analysis. Based on fwst-round sampling results, there is no threat to 

surface water in the Cooper River via the evaluated migration pathways. 



Table 10.16.7.1 
Chemicals Detected in Surface Soil. Subsurface Soil. Shallow Groundwater. and Deep Groundwater 
Comparison to SSLs. Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Conccntratrms: Tier One 
NAVBASE-Charleston, Zone E: SWMU 143 
Charleston. South Carolina 

* Screening Concentrations: 
Soil to GW -Generic SSLs bmcd on DAF - 10, adapted from 1996 EPA Soil Screening Guidance or caloulalcd wing v a l m  born Table 6.2 
Tap Water RBC - From EPA Region 111 Riak-Bad Concentration Table, June 3, 1996 
Salt Water Surface Walcr Chronic - From EPA Supplcmcnhl Guidance to RAGS: Region 4 Bulletins, Ewlogical Risk bclummt, November, 1995; Table 2 

In each case, the value shorn is the greater of the tclcvant screening value or the colrtsponding background r d m c e  value 

P8ramcter 

Dioxin Compounds 
Dioxin (TCDD TJZQ) 

Inorganic Compounds 
Chromium (hexavalent) 
Mercury 

Units: See notes for Table 10.1 3 .1  

Max. Concenttation 

Surface Subsurface 
Soil Soil 

44.7 ND 

0.122 ND 
0.61 0.08 

Max. Concentration 

Shallow Deep 
GW GW 

0.009 NA 

ND NA 
ND ND 

Screening Concentration * 
Soil to Salt Wtr. 

GW Tap Water S d .  Wtr. 
SSL RBC Chronic 

950 (1.43 10 

19 180 50 
2.6 11 0.2 

Soif Water 
Units U N ~  

NGKG PO& 

MGKG urn 
M ~ G  UGR. 

Ground- Surface 
Water Water 

Leaching Migration Migrat~on 
Potential Concern Concern 

NO NO NO 

NO NO NO 
NO NO NO 
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10.16.8 Fixed-Point Risk Evaluation for SWMU 145 

10.16.8.1 Site Background and Investigative Approach 

SWMU 145 is the site of a mercury spill beneath a portion of Building 13A. This site is located 

in a highly industrialized portion of Zone E. As a result, the risk assessment for this site is 

presented as a FRE following the framework presented in Section 7.3. 

A total of 12 surface soil samples were considered in the SWMU 145 FRE. All 12 surface soil 

samples were analyzed for mercury only, while two surface soil duplicates were analyzed for 

herbicides, hexavalent chromium, mercury, dioxin, and organophosphorous pesticides. Four 

monitoring wells were installed as part of the 1995 RFI. Three monitoring wells were installed 

into the shallow aquifer and one monitoring well was installed into the deep aquifer. Groundwater 

data generated from the first quarter RFI sampling event are used to represent point riskthazard 

for the SWMU 145 FRE. Sections 10.16.1 and 10.16.3 contain summaries of the sampling effort 

for SWMU 145 soil and groundwater, 

10.16.8.2 Fixed-Point Risk Evaluation for Soil 

Table 10.16.8.1 provides CPSS summaries for S W  145 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and RCs. No COPCs were identified for 

SWMU 145 soil for either the residential or industrial scenarios. 

10.16.8.3 Fixed-Point Risk Evaluation for Groundwater 18 

SWMU 145 first quarter groundwater samples were analyzed for mercury, chloride, sulfate, and 19 

totd dissolved solids. Mercury was not detected in the first quarter groundwater sample collected 20 

from the deep aquifer. One first quarter shallow groundwater duplicate was also analyzed for 21 

herbicides, hexavalent chromium, dioxin, and organophosphorous pesticides. Table 10.16.8.2 22 

provides CPSS summaries for S W  145 shallow groundwater. No COPCs were identified for 23 

SWMU 145 groundwater (shallow and deep). 24 
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10.16.8.4 FRE Summary 1 

Data c o ~ ~  for SWMU 145 were screened according to the process presented in Section 7 -3.4. 2 

No COPCs were identified subsequent to this screening. Subsequent quarterly groundwater 3 

sampling resulted in concentrations of arsenic above its MCL in deep groundwater. This coincides 4 

with concentrations of arsenic above its MCL in deep groundwater at adjacent sites, including s 

combined SWMU 83, AOC 576, and AOC 580. 6 
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10.16.9 Corrective Measures Considerations 

For SWMU 145, the upper and lower soil intervals and the shallow and deep groundwater were 

investigated. Based on the analytical results and the FRE, no COCs requiring further evaluation 

through the CMS process were identified. 

Residential use of the site is not expected, based on current site uses and the nature of surrounding 

buildings. Current reuse plans call for continued commercial/industrial use. 

Arsenic has been identified in deep groundwater at a concentration above its MCL during fouth 

quarter sampling. This coincides with high concentmtions of arsenic above the MCL in deep 

groundwater at adjacent sites, including combined SWMU 83, AOC 576, and AOC 580. 

Continued monitoring is recommended. 

Potential corrective measures for the impacted medium and respective COC are in 

Table 10.16.9.1. 

Table 10.16.9.1 
Potential C o d v e  Measures for SWMU 145 

Medium Compounds Potential Corrective Measures 

Deep Groundwater Arsenic a) No Action 
b) Intrinsic Rembdiation and 

Monitoring 
C) Ex-Situ, Chemical and 

PBysical=-- 
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10.17 SWMU 170, PCB Removal Operations, Drydock 1 Area; and SWMU 171, PCB 
Removal Operations, Drydock 2 Area 

SWMUs 170 and 171 consist of storage areas immediately west of drydock (DD) 1 and DD 2, 

respectively. Missile launching tubes removed from decommissioned ballistic missile submarines 

were stored in these areas for removal of PCB-containing components. The missile tube 

dismantling areas have no secondary containment. It is estimated that missile tube dismantling 

began around the late 1980s. 

The materials of concern at SWMUs 170 and 171 indicated in the Final Zone E RFI Work Plan 

are PCBs. Potential receptors that may be exposed to site con taminants include current and future 

building users and any site workers this area may support following base closure. 

To fulfill the CSI objectives for SWMUs 170 and 171, soil, sediment and asphalt core samples 

were collected in accordance with the Final Zone E lCFI Work Plan, and Section 3 of this report 

to determine whether any contamination resulted from onsite activities. 

10.17.1 Soil Sampling and Analysis 

Soil was sampled in one round at SWMUs 170 and 171. from the locations shown in 

Figure 10.17.1. The Final Zone E RFI Work Plan, proposed collecting 40 soil samples from the 

upper interval and 40 from the lower interval. Thlrty-five of the proposed 40 upper and twenty- 

seven of the proposed 40 lower-interval samples were collected. 

At SWMU 170, five lower-interval samples were not collected due to subsurface obstructions in 

the form of large rocks and metal pipes at a depth of two to three feet bgs. At SWMU 171, 

five upper-interval samples were not collected due to gravel used as a base for railroad and crane 

tracks. Eight lower-interval samples were not collected at SWMU 171 due to either gravel, 

concrete or brick subsurface obstructions. 



0 - CORE SAMPLES NAVAL BASE CHARLESTO 
@ - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 

CHARLESTON, S.C. 

- SEDIMENT SAMPLES 
- THICKNESS SAMPLES 
- HnPE SAMPLES 
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All samples were submitted for analysis at DQO Level I11 for PCBs. In addition, nine of these 

samples were analyzed for VOCs due to high OVA readings and/or petroleum odor in the sample. 

Also, one sample was submitted to be analyzed for VOC and TPH due to the possible presence 

of free product in the sample. Seven samples (four upper interval and three lower-interval) 

selected as duplicates were analyzed at DQO Level IV for Appendix IX analytical parameters, 

which includes PCBs, herbicides, hexavalent chromium, organophosphorus pesticides, and 

dioxins. Table 10.17.1.1 summarizes soil sampling at SWMUs 170 and 1 71. 

Table 10.17.1.1 
SWMUs 170 and 171 

Soil Sampling summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Proposed Collected Deviations 

Upper 40 35 PCBs PCBs Five upper-interval samples 
could not be collected due to 
gravel layer at surface 

Lower 40 27 PCBs PCBs Thirteen lower-interval samples 
could not be collected due to 
subsurface obstructions 

10.17.2 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.17.2.1. Appendix H 

contains the complete data report for all samples collected in Zone E. 
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Table 10.17.2.1 
SWMUs 170 and 171 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samp1es 

Sampling Freq.of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

vocs b%kg) 

Acetone UP 414 73 '0 - 4 , W  1,250 U),OOO,m 

Lower 515 16.0 - 470 115 NA N A 

Aroclor- 1260 Upwr 13/35 11.0 -480 1 44 740 0 

Dioxins (nglkg) - - 

Dioxin Equiv. upper 4/4 0.Q279 - 0.826 0.267 1 0 

Lower 3j3 0.00380 - 0.0788 0.03 13 N A N A 

Lower 113 3.24 3.24 N A NA 

1234678-IIpCDF UP 414 0.805 - 11.1 5.25 NA NA 

Lower 213 0.498 - 2.60 1.55 N A NA 

QCDD upper 414 6.80 - 246 81.7 N A NA 

Lower 313 3.79 + 16.6 8.69 NA NA 

OCDF Upper 3 /4 1.13 - 16.2 8.23 NA N A 

Lower 213 0.786 - 3.76 2.27 N A NA 

Notes: 
pglkg = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
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Volatile Organic Compounds in Soil 

One VOC - acetone - was detected in soil samples collected at SWMUs 170 and 171. The VOC 

did not exceed its respective industrial RBC in the upper-interval or respective SSL in the lower- 

interval. 

Pesticides and PCBs in SoiI 

Three pesticides were detected in soil samples collected at SWMUs 170 and 171. No pesticide 

exceeded its respective industrial RBC in the upper interval or respective SSL in the lower 

interval. 

One PCB, Aroclor-1260, was detected in soil samples collected at SWMUs 170 and 17 1. Thirteen 

detections occurred in the upper interval and one in the lower interval. None of the detections 

exceeded the Aroclor-1260 industrial RBC in the upper interval or Aroclor-1260 SSL in the lower 

interval. 

Other Organic Compounds in Soil 

Five dioxins were detected in soil samples collected at SWMUs 170 and 171. Sixteen detections 

occurred in the upper-interval and eight occurred in the lower-interval. No industrial RBCs or 

SSLs have been established for these parameters. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated. The upper- 17 

interval TEQ was calculated for four samples with a range of 0.0279 to 0.826 nglkg and a mean is 

of 0.267 nglkg . None of the TEQ calculations exceeded the industrial RBC of 1,000 nglkg . 19 

Samples were submitted for laboratory analysis for TPH-GRO and TPH-DRO at SWMUs 170 and 20 

17 1 ; however, no concentrations were detected. 21 
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10.17.3 Sediment Sampling and Analysis I 

The Final Zone E RFI Work Plan proposed collecting six sediment samples at SWMUs 170 and 2 

171 from the locations shown in Figure 10.17.2. Six sediment samples were collected and 3 

submitted for analysis at DQO k v e l  III for PCBs. No samples were selected as duplicates at b s  4 

site. Table 10.17.3.1 summarizes sediment sampling and analysis at SWMUs 170 and 171. 5 

Table 10.17.3.1 
SWMUs 170 and 171 

Sediment Sampling Summary 

samples Samples 
Deviation 

6 6 PCBs None 

10.17.4 Nature of Contamhation in Sediment 6 

Organic compound analytical results for sediment are summarized in Table 10.17.4.1. 7 

Appendix H contains the complete data report for all samples collected in Zone E. 8 

Table 10.17.4.1 
SWMUs 170 and 171 

Organic Compounds Detected in Sediment @/kg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Exceeding 
Corn Poun d Intervat Detection Conc. Conc. Sol1 RBC RBC 

Noies: 
~ g l k g  = Micrograms per kilogram 
RBC = Risk-based concentration 
* = For the purposes of this investigation. sediment collected from storm and floor drain catch basins are treated as soif 

and compared to industrial RBCs instead of RAGS SSVs. 
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PCBs in Sediment 

One PCB - Aroclor-1260 - was detected in six of six sediment samples with a range of 46 yglkg 

to 200 pg/kg, and a mean of 119 pglkg. None of the detections exceeded the Aroclor-1260 

industrial RBC of 740 pglkg. 

10.17.5 Asphalt Core Sampling and Analysis 

The Final Zone E RFI Work Plan proposed collectmg 40 asphalt core samples at SWMUs 170 and 

171 from the locations shown in Figure 10.17.3. lkrty-two asphalt core samples were collected 

and submitted for analysis at DQO Level IU for PCBs. Eight samples were. not collected at 

SWMU 171 because asphalt did not cover the sampling location. No samples were selected as 

duplicates at this site. Table 10.17.5.1 summarizes asphalt core sampling and analysis at 

SWMUs 170 and 171. 

Table 10.17.5.1 
SWMUs 170 and 171 

Asphalt Core Sampling Summary 

Samples Samples 
Proposed Collected Analyses Propased Analyses Collected Deviation 

40 32 PCBs PCBs Eight samples were not 
collected due to absence 

10.17.6 Nature of Contamination in Asphalt 12 

PCB analytical results for asphalt are summarized in Table 10.1 7.6.1. Appendix H contains the I 3 

complete data report for all samples collected in Zone E. 14 



- SOIL BORINGS 
0 - CORE SAMPLES NAVAL BASE CHARLESTO 

- DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 



Drafi Zone E RCRA Facility Investigation RepoH 
NA VBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Table 10.17.6.1 
SWMUs 170 and 171 

PCB Detections in Asphalt bg/kg) 

Range of Mean of 
Number of 

samples 
Sample Freq. of Detected Detected Exceeding 

PCBs 

Notes: 
pgkg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = industrial soil RBC does not apply to asphalt samples 

PCBs in Asphalt 1 

One PCB - Aroclor-1260 - was detected in seven of 32 asphalt samples with a range of 3.70 to 2 

480 pgkg, and a mean of 81.5 pgkg. Industrial RBCs do not apply to Aroclor-1260 in asphalt. 3 

10.17.7 Fate and Transport Assessment for SWMUs 170 and 171 

Combined SWMU 170 consists of storage areas for PCB-containing components from 

decommissioned ballistic missile submarines located immediately west of Drydocks 1 and 2. 

Ground surface at the site is entirely covered with asphalt and concrete. Environmental media 

sampled as part of the combined SWMU 170 CSI include surface soil, subsurface soil, catch-basin 

sediment, and asphalt. Potential constituent migration pathways investigated for combined 

SWMU 170 include soil to groundwater, groundwater to surface water, surface soil to sediment, 

and emission of VOCs from surface soil to air. 

10.17,7,1 Soil-to-Groundwater Cross-Media Transport: Tier One 12 

Table 10.17.7.1 compares maximum detected organic constituent concentrations in surface soil 13 

and subsurface soil samples to groundwater protection SSLs. For inorganics, maximum 14 
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concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) RCs. To provide 

a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed to be diluted 

by a ratio of 10: 1, with no attenuation of constituents in soil (1)AF = 10). 

Six organic compounds - acetone, Aroclor-1260, gamma-Chlordane, 4,4 ' -DDE, 4,4'-DDT, and 

dioxin TEQs - were detected in soil sample collected at combined SWMU 170 at concentrations 

below groundwater protection SSLs. Maximum Aroclor-1260 concentrations in surface and 

subsurface soil occurred at the same location (17 1SB012) and. were approximately half of the 

generic SSL for Aroclor-1260. Aroclor-1260 was the most prevalent of the six organics as it was 

detected in 12 surface soil samples and one subsurface soil sample. Dioxins were detected in four 

surface soil samples and three subsurface soil samples. The maximum dioxin TEQ value of 

0.826 ng/kg is more than three orders of magnitude below its generic SSL. The detections of 

4,4'-DDE, 4,4'-DDT, and gamma-Chlordane were confined to a single duplicate surface soil 

sample at location 171SB019. 

Hexavalent chromium was the only inorganic analyzed for in duplicate samples; hexachrome was 

not detected. 

10.17.7.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.17.7.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or (b) RCs for groundwater, as well as to the saltwater surface 

water chronic values. To provide a conservative first-tier screen, no attenuation or dilution of 

constituents in groundwater is assumed before comparison to the applicable standards. 
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The supplemental well pair, NBCEGDE016 and NBCEGDE16D, were the only monitoring wells 

installed within combined SWMU 170. None of the six organic compounds detected in soil 

samples were also detected in first-round groundwater samples. However, there was a fourth- 

round detection of heptachlor (0.051 pglL) which is 22 times greater than its tap water RBC and 

14 times greater than its saltwater surface water chronic screening value. 

Arsenic is the only inorganic detected in shallow and deep groundwater above its tap water RBC 

and saltwater surface water chronic screening values. During the four sampling rounds, arsenic 

concentrations in shallow groundwater ranged from 33.8 to 85.3 j~g/L while arsenic concentrations 

in deep groundwater concentrations ranged from 6.2 to 13.9 pg/L. 

10.17.7.3 Soil-to-Sediment Cross-Media Transport 

Tables 10.17.4.1 and 10.17.6.1 present the organic compounds detected in the six sediment 

samples and 32 asphalt samples collected at combined SWMU 170. Aroclor-1260 was detected 

in all six catch-basin sediment samples in concentrations from 46 to 2200 pglkg. Aroclor-1260 was 

also detected in seven asphalt samples at concentrations from 3.70 to 480 pglkg. Aroclor-1260 

(PCB) detections are likely related to previous site activities associated with PCB removal. 

Since no first-tier constituent at combined SWMU 170 exceeded initial screening concentrations, 

no second-tier analysis using adjusted screening levels was required. 

10.17.7.4 Sod-to- Air Cross-Media Transport 

Table 10.17.7.2 lists the single VOC (acetone) detected in surface soil samples collected at 

combined SWMU 170 along with its corresponding soil-to-air volatilization screening level. No 

exposed soil is present at the site. In addition, acetone's reported maximum concentration did not 

exceed its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air 

migration pathway is not expected to be a viable pathway at combined SWMU 170. 
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10.17.7.5 Fate and Transport Summary 

Combined SWMU 170 was investigated as a PCB site with potential chemical contamination 

largely confined to surface soil, catch-basin sediment, and asphalt. Six organic compounds (one 

VOC, one PCB, three pesticides, and dioxin TEQs) were detected in collected soil samples; 

however, no constituent exceeded groundwater protection SSLs. The PCB, Aroclor-1260, was 

the most widespread organic compound as it was detected in six sediment samples, seven asphalt 

samples, twelve surface soil samples, and one subsurface soil sample. The three pesticides were 

detected in a duplicate sample from a single sample location. Since no compounds exceeded first- 

tier screening levels, the site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River through the associated migration pathway 

Although no monitoring wells were installed specifically to monitor contamination related to 

former activities at SWMUs 170 and 171, chemical analyses from the grid-well pair 

NBCEGDEO16 and NBCEGDE16D were used to assess groundwater contamination since they 

lie within the area of concern. These analyses indicate that arsenic is prevalent in shallow 

groundwater at concentrations above its tap water RBC and saltwater surface water chronic 

screening values. Due to extensive clay deposits comprising the shaIlow subsurface, dissolved 

arsenic would tend to adsorb to clay particles within the aquifer, further limiting any threat to 

human health or the environment in the Cooper River. 



Tablc 10.17.7.1 
Chemicals Detected in Surface Soil and Subsurfaoe Sail 
Cornparim to SSLs, Tap Watcr RBG, Salt Water Surface Water Chronic Screening Levcla, and Background Concentrations: Tier One 
NAVBASE-Charlwton, Zone E: SWMUa 170 and 171 
Charleston, South Carolina 

I Volatile Orgmic Compounds 
Acetone 

PaticiddPCB Cornpoundr 
Armlor-1 260 
gamma-Chlordane 
4,4'-DDE 
4,4'-DDT 

1 Dioxin Compounds 
Dioxin (TCDD TEQ) 

Max. Conocnlralion 

Surface Subsurfact 
Soil Soil 

Soil to Sall Wtr. 
Tap Water Sd. Wtr. 

Chronic 
Soil W W  
unit3 UN@ 

UOKG U M  

ualro urn 

uolro UOR 

UOMO urn 
UGMG uon 

NOKO P W I  

Orwnd- Surface 
Water Watcr 

Leaching Migration hligratm~ 
Potential C o n m  Con- 

* Screening Ccnoenlratim: 
Soil to GW - Gcncric SSLs bucd on DAF = 10, adapted hm 1996 EPA Soil Screcnhg Guidance or caloulakd using values from Table 6.2 
Tap Watm RBC - From EPA Region 111 Rhk-Based Concentration Table, June 3,1996 
Salt Watcr Surf- Water Claaric - From EPA Supplcmcntal Guidrnce to RAGS: Region 4 Bullct i~,  Ecological Risk Assgrment, November, 1995; Table 2 

In each cane, the value shown i~ lhe greater of khc rclcvant &g value or tbc cormpmding background rcfcrcnoc value 

Units: See notes for Table 10.1.5.1 



Table 10.17.7.2 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: SWMU 170 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region I11 hsk-Based Concentration Table, June 1996. 
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10.17.8 Fixed-Point Risk Evaluation for SWMU 170 and SWMU 171 

10,17,8.1 Site Background and Investigative Approach 

SWMU 170 is a PCB removal operation near drydock number 1 and SWMU 171 is a PCB 

removal operation near drydock number 2. The following refers to these sites as combined 

SWMU 170. This site is located in a highly industrialized portion of Zone E. As a result, the 

risk assessment for this site is presented as a FRE following the framework presented in 

Section 7.3. 

A total of 35 surface soil samples were considered in the combined SWMU 170 FRE. All 35 

surface soil samples were analyzed for PCBs. Additionally, four duplicates were analyzed for 

herbicides, hexavalent chromium, dioxin, and organophosphorous pesticides, and two duplicates 

were analyzed for chlorinated pesticides. Groundwater was not sampled as part of the RFI. 

Section 10.77.1 contains summaries of the sampling effort for combined SWMU 170 soil. 

10.17.8.2 Fixed-Point Risk Evaluation for Soil 

Table 10.17.8.1 provides CPSS summaries for combined SWMU 170 soil and identifies COPCs 

based on comparison to residential and industrial RBCs. Based on residential RBCs, Aroclor-1260 

was identified as a COPC for combined SWMU 170. 

Residential Scenario 

Table 10.17.8.2 summarizes the residential COPCs detected at each combined SWMU 170 sample 

location with contribution to risk and hazard. As shown, Aroclor-1260 contributes to risk for 

combined SWMU 170, exceeding 1E-06 at two of 35 locations. Twenty-two of the 35 samples 

were nondetects for Aroclor-1260. For those sample locations with detected concentrations of 

Aroclor-1260, risk estimate ranged from 5E-08 to 2E-06, with ii arithmetic mean risk of 3E-07, 

assuming a deminimus risk of 1E-07 for sample locations that were nondetect. Figure 10.17.4 is 

a spatial presentation of residential risk estimates for combined SWMU 170 soil. 

No soil COPC were identified for soil that would have contributed to HI. 
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Industrial Scenario 

Based on industrial RBCs, no COPCs were identified for combined SWMU 170 soil. 

10.17.8.3 Uncertainty 

SWMU 170 uncertainty issues specific to the FRE and essential to the risk management process 

are presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentlfuture site workers and future site residents. 

Frequency and Spatial Distribution 

Aroclor-1260 detections in surface soil that are associated with risk estimates above 1E-06 were 

isolated to only two sample locations (171SB012 and 171SB013). Chronic exposure to the limited 

area represented by these two sample locations is highly unlikely. Assuming a worse-case 
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exposure unit area of one-half acre, as represented by sample locations 171SB007, 171SB008, 

171SB009, 171SB010, 171SBOl1, 171SB012, 171SB013, 171SH014, 171SB015, and 171SB025, 

the mean risk was calculated to be 7E-07. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for combined SWMU 170. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

lU3Cs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risldhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, none was 

reported at a concentration close to its RBC (e.g. within 10% of its RBCs). 

10.17.8.4 FRE Summary 

The risk and hazard posed by contaminants at combined SWMU 170 were assessed for the future 

site worker and the future site resident as sample point-specific: estimates. In surface soils, the 

incidental ingestion and dermal contact pathways are reflected. Risk and HI estimates are 

presented on Table 10.17.8.2 such that a risk (E-06) that exceeds one for any COPC at any given 

sample location is an indication that the concentration of that COPC exceeds its RGO. Section 7, 

Tables 7.3.1, and 7.3.2 provide residential and industrial RCiOs, respectively, for all of the 

COPCs identified for Zone E. 

Soil - Residential Scenario 

Aroclor-1260 was detected in combined SWMU 170 surface soil locations 171SB012 and 

171SB013 at concentrations above its residential RGO, however, the area of contamination is 
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highly limited. Point risk estimates are based on the unlikely assumption that a potential future I 

site resident will be chronically exposed to specific points. Exposure to surface soil conditions 2 

is more likely the result of uniform exposure to the soil conditions of the entire site (or exposure 3 

unit area) rather than specific points. Furthermore, the mean risk as calculated in Section 10.17.2 4 

and the mean risk in the worst-case one-half acre exposure unit area were both below 1E-06. 5 

Soil - Site Worker Scenario 

No industrial scenario COPCs were identified for surface soil at combined SWMU 170. 
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Table 10.17.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 170 and 171 
NAVBASE-Charleston 

Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
170 8001 Arnclnr - I  7Rf l  

1 70 8002 Aroclor-1260 ND UGIKG NA -- NA 
Total NA NA 

170 8003 Aroclor-1260 
Total 

ND UGIKG NA -- NA 
NA NA 

170 8004 Aroclor-1260 ND UGIKG NA -- NA 
Total NA NA 

170 5005 Aroclor-1260 ND UGIKG NA -- NA 
Total NA NA 

1 70 6006 Aroclor-1260 ND UGIKG NA -- N A 
Total NA NA 

170 BOO7 Aroclor-1260 ND UGIKG N A -- N A 
Total NA NA 

170 8008 Aroclor-1260 ND UGIKG NA -- NA 
Total NA M 

170 8009 Aroctor-1260 30.00 UGIKG 0 1361 100.00 -- NA 
Total 0.1361 NA 

1 70 BOl 0 Aroclor-1260 11 .OO UGIKG 0.0499 100.00 -- N A 
Total 0.0499 NA 

170 801 1 Aroclor-1260 
Total 

170 B012 Aroclor-1260 ND UGlKG NA -- NA 
Total NA NA 

170 601 3 Aroclor-1260 ND UGlKG NA -- NA 
Total NA NA 

170 B014 Aroclor-1260 29.00 UGIKG 0.1316 100.06 -- N A 
Total 0.1316 NA 

170 801 5 Aroclor-1260 
Total 

89.00 UGIKG -- 0.4038 100.00 NA 
0.4038 NA 



Table 10.17.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 170 and 171 
NAVBASE-Charleston 

Charleston, South Carolina 

171 BOO3 Aroclor-1260 ND UGIKG -- NA NA 
Total NA NA 

171 BOO5 Aroclor-1260 
Total 

Total 

171 BOO7 Aroclor-1260 
Tota I 

1 71 BOO8 Aroclor-1260 
Total 

171 8009 Aroclor-1260 
Total 

1 71 B010 Aroclor-1260 
Total 

89.00 UGIKG 0.4038 100.00 NA 
0.4038 NA 

ND UGIKG N A -- NA 
N A NA 

ND UGIKG N A -- NA 
NA NA 

ND UGlKG NA -- NA 
NA NA 

171 BO11 Aroclor-1260 ND UG/KG NA -- NA 
Total NA NA 

171 B012 Aroclor-1260 
Total 

171 B013 Aroclor-1260 480.00 UGIKG 2.1778 1OO.QO -- NA 
Tota t 2.1778 NA 

177 B014 Aroclor-1260 150.00 UGIKG 0.6806 100.00 NA 
Total 0.6806 NA 

Total 
67.00 UGIKG 0.3040 100.00 NA 

0.3040 NA 

171 601 6 Aroclor-I 260 77.00 UGIKG 0.3494 100.00 NA 
Total 0.3494 NA 

171 B019 Aroclor-1260 ND UGIKG N A NA 
Total NA NA 



Table 10.17.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 170 and 171 
NAVBASE-Charleston 

Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
171 8020 Aroclor-1260 ND UGIKG -- NA N A 

Total NA NA 

171 8021 Aroclor-1260 ND UGIKG NA -- NA 
Total NA NA 

171 8022 Aroclor-1260 ND UGlKG NA -- NA 
Total NA NA 

171 8023 Aroclor-1260 ND UG/KG NA -- NA 
Total NA NA 

171 B025 Aroclor-1260 
Total 

180.00 UGIKG 0.8167 100.00 NA 
0 8167 NA 



Drafr Zoncr E RCRA Fai:ility Investigation Report 
NA VBASE Charleston 

Section 10: Site-Specific E v ~ o n s  
November 1997 

10.17.9 Corrective Measures Considerations 

For SWMUs 170 and 17 1, the upper and lower soil intervals were investigated. Based on the 

analytical results and the risk assessment, a single COC requiring further evaluation through the 

CMS process was identified for the upper soil interval. 

Residential use of the site is not expected, based on current site uses and the nature of surrounding 

buildings. Current reuse plans call for continued commerciaI/industrial use. The site is mostly 

paved with concrete or asphait. Eight soil samples were collected from gravel-covered areas. 

Aroclor-1260 was the only COC identified in the upper soil interval. 'The equated risk for 

Aroclor-1260 for sample locations 171SB0012 and 171SB0013 is 2E-6. The equated risk for 

Aroclor-1260 for all other sampling locations is less than 1E-6. Sample 171SB0012 was collected 

beneath a gravel area and sample 17 1 SB0013 was collected from beneath an asphalt-covered area. 

The risk associated with Aroclor-1260 for these two sample locations is within USEPA's 

acceptable ranges of 1E-06 and 1E-04. Therefore, no further action is recommended for the soil 

interval. 

Groundwater was not analyzed. i s  

Potential corrective measure of no further action for soil and respective COC is presented in 16 

Table 10.17.9.1. 17 

Table 10.17.9.1 
Potential Corrective Measures for SWMU 170 and SWMU 171 

No Action 
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10.18 SWMU 173, Building 1297 Storage Area 

SWMU 173 consists of separate storage areas for lead ingots and hazardous materials in 

Building 1297. The building is divided into two storage areas, each accessed through an exterior 

door. Each area also has an opening in the roof, used to transfer materials. One area is used to 

store lead ingots and its roof is protected by a non-watertight wooden cover. Another area was 

previously a hazardous materials storage area, but is currently empty. Three storm drains are 

located close to the building. 

Materials of concern identified for SWMU 173 in the Final Zone E RFI Work Plan include metals 

(lead) and hazardous materials. Potential receptors that may be exposad to site contaminants 

include current and future building users and any site workers this area rnay support following 

base closure. 

To fulfill the CSI objectives for SWMU 173, soil and sediment were samplled in accordance with 

the Final Zone E RFI Work Plan and Section 3 of this report to determine whether any 

contamination resulted from onsite activities. 

10.18.1 Soil Sampling and Analysis 

Soil was sampled in one round at SWMU 173 from the locations shown in Figure 10.18.1. The 

Firuzl Zone E RFI Work Plan, proposed collecting two soil sarnples from the upper interval and 

two samples from the lower interval. 

All proposed samples were collected and submitted for analysis at DQO Level lII for organotins 

and the standard suite of parameters which includes VOCs, SVOCs, pesticicles/PCBs, metals, and 

cyanide. No duplicate samples were collected at SWMU 173. Table 10.18.1.1 summarizes soil 

sampling at SWMU 173, 



- SOIL BORINGS 
- CORE SAMPLES 
- DEEP MONITORING WEUS 

@ - SHALLOW MONITORING WELLS 
A - SEDIMENT SAMPLES 

- THICKNESS SAMPLES 
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Table 10.18.1.1 
SWMU 173 

Soil Sampling Summary 

Samples Samples Analyses Analyses 
Intervat Proposed Collected Proposed Collected Deviations 

Upper 2 2 Standard Suite', Standard Suite', None 
organotins organutins 

Lower 2 2 Standard Suitea, Standard Suite', None 
organotins organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticidesJPCB 

10.18.2 Nature of Contamination in Soil I 

No organic compounds we= detected in soil. Inorganic analytical results for soil are summarized 2 

in Table 10.1 8.2.1. Appendix H contains the complete data report for d l  samples collected in 3 

Zone E. 4 

Table 10.18.2.1 
SWMU 173 

Inorganic DeCections for Soil (mg/Lg) 

Number of 
huge  of Mean of h f l e s  

sPm@e Freq. of Detee(ed Deteted Industrial Refereme Exceeding 
l n t d  Detection corn. C o w .  RBC Cow. R B C d R C  

Aluminum (At) Upper 212 1,670 - 5,600 3,540 100,000 26,600 0 

Arsenic (As) Upper 212 0.670 - 5.80 3.24 3.80 23.9 0 

Lower 212 5.60 - 6.20 5.90 N A 19.9 N A 

Lower 212 37.8 - 38.4 38.4 N A 94.1 N A 

Beryllium (Be) upper 2/2 0.170 - 0.190 0.180 1.30 1.70 0 

Lower 212 0.160 - 0.370 0.265 N A  2.71 NA 
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Table 10.183.1 
SWMU 173 

inorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of h f l ~  

Sample Freq. of Detected Detected Industrial Reference Exceeding 
Element Interval Detection Cow. Coae. RBC Conc. RBC andRC 

Calcium (Ca) Upper 212 462 - 1540 1 N A NA N A 

Lower 2/2 1,210 - 3.080 2.1% N A N A N A 

Chromium (Cr) Upper 1 12 10.8 10.8 1 .m 94.6 0 

Lower 212 10.4 - 13.9 12.2 N A 75.2 N A 

Cobalt (Co) Upper 212 10.7 - 23.1 16.9 12,000 19.0 0 

Lower 212 2.50 - 9.90 6.20 N A 14.9 N A 

Copper (Cu) Upper 212 1 .I0 - 40.9 21 .O 8,200 66.0 0 

Lower 212 0.830 - 60.6 30.7 N A 152 N A 

Iron (Fe) Upper 212 1,570 - 12,600 7,090 61,000 N A 0 

Lower 212 4.10 - 6.10 5.10 N A 173 , N A 

lower 2LL 608 - 743 676 N A N A N A 

Manganese (Mn) upper 212 48.9 - 90.0 69.5 4,700 302 0 

Lower 212 28.0 - 113 70.5 N A 88 1 N A 

Lower 1 12 0.0300 0.0300 N A 1 .S9 N A 

Nickel (Ni) Upper 212 1.60 - 2.60 2.10 4,100 77.1 0 

Lower 212 2.10 2.10 N A 57.0 N A 

Potaaeium (K) Lower It2 429 429 N A N A N A 

Selenium (Se) Lower 112 0.660 0.660 N A 2.40 N A 

sodium ma) Upper in 63.1 63.1 N A N A N A 

Vanadium (V) Upper 212 I .70 - 20.2 11 .O 1,400 94.3 0 

Lower 212 15.6 - 25.3 20.5 N A 155 N A 
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Table 10.18.2.1 
SWMU 173 

loorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of samples 

Sample F q .  of Detected Detected Industrial Reference Ejceeding 
Element Interval DeCoetion Conc. Corn. RBC Conc. RBC and RC 

Zinc (Zn) Upper 212 5.70 - 25.5 15.6 61,000 827 0 

Lower 2t2 5.90 - 42.4 24.2 N A 886 NA 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentrntion 
NA = No industrial RBC or RC established 

Volatile Organic Compounds in Soil 

No VOCS were detected in soil samples submitted for laboratory analysis; from SWMU 173. 

Semivolatile Organic Compounds in Soil 

No SVOCS were detected in soil samples submitted for laboratory analysis from SWMU 173. 

Pesticides and PCBs in Soil 

No pesticides or PCBs were detected in soil samples submitted for laboratory analysis from 

SWMZJ 173. 

Other Organic Compounds in Soil 

No other organic compounds were detected in soil samples submitted for lat)oratory analysis from 

SWMU 173. 

Inorganic Elements in Soil 

Nineteen metals were detected in soil samples collected at SWMU 173. Thirty-one detections 

occurred in the upper-interval and 32 occurred in the lower-interval. No metals were detected 
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above both their respective industrial RF3C and RC in the upper interval or n:spective SSL and RC 

in the lower interval. 

10.18.3 Sediment Sampling and Analysis 

The Final Zone E RFI Work Plan proposed collecting three sediment samples at S WMU 1 73 from 

the locations shown in Figure 10.18.2. Three sediment samples were cok:ted and submitted for 

analysis at DQO Level IIi for organotins and the standard suite of parameters which includes 

VOCs, SVOCs, pesticideslPCBs, metals, and cyanide. No samples were selected as duplicates 

at this site. Table 10.18.3.1 summarizes sediment sampling and analysis at SWMU 173. 

Table 10.18.3.1 
SWMU 173 

Sediment Sampling Summary 

Samples Samples 
Proposed Collected Analyses Proposed Analyses Collected Deviation 

3 3 Standard Suitea, organotins Standard Suite", organotims None 

Note: 
a = Standard suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

10.18.4 Nature of Contamination in Sediment 

Organic compound analytical results for sediment are summarized in Table 10.1 8.4.1. Inorganic 

analytical results for groundwater are summarized in Table 10.1 8.4.2. Appendix H contains the 

complete data report for all samples collected in Zone E. 
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Table 10.18.4.1 
SWMU 173 

Organic Compounds Detected in Sediment (pg/kg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected indrustriPI Exceeding 
Compound Interval Detection Conc. Conc. Soil RBC RBC 

V o c s  

Toluene Upper 1 13 1.000 1.000 410,000 0 

svocs 
Acemphthenc UP 113 160 160 470,000 0 

Anthracene Upper 113 97.0 97.0 61 ,OCK),OOO 0 

Benzo(g,h,i)perylene up~er 113 340 340 8,203,W 0 

Benzoic acid Upper 113 220 2x1 100,~30,OOO 0 

bis(2-Ethylhexy1)phthcrlate Upper 313 330 - 720 477 410,000 0 

Butylbenzylphthalate Upper 113 110 1101 41,OCO,000 0 

4-Chloro-3-methylphend Upper 213 200 - 320 260 N A N A 

Fluorene Upper 113 110 110 8,200,000 0 

Pyrene Upper 3 I3 130 - 930 400 6,1011,000 0 

SVOCs (B(a)P Equivalents) 

Benzo@)tluoranthene Upper 213 93.0 - 300 197 7,800 0 

Benzo(a)py rene Upper 213 240 - 500 370 780 0 
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Table 10.18.4.1 
SWMU 173 

Organic Compounds Detected in Sediment Ipglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Indr~strial Exceeding 
Compound interval Detection Cmc. Conc. Soil RBC RBC 

4,4'-DDT Upper 113 8.20 8.20 17 0 

Amclor- 1260 Upper 213 110 110 740 0 

Notes: 
~glkg = Micrograms per kilogram 
RBC = Risk-based concentration 
N A = No industrial RBC established 

Table 10.18.42 
SWMU 173 

Inorganic Detections in Sediment (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detested DeCected Industrial Exceeding 
Element Interval Detection Conc. Cone. RBC RBC 

Aluminurn (A) U W ~  3 /3 1,320 - 2,110 1,690 1(]0,OOO 0 

Antimony (Sb) Upper 3/3 1.30 - 14.9 6.20 82 0 

Arsenic (As) upper 3/3 5.80 - 15.9 9.73 3.8 3 

Barium @a) Upper 3/3 64.1 - 105 82.4 14,000 0 

Beryllium (Be) U P P ~ ~  313 0.140 - 0.540 0.300 1.3 0 

Cadmium (Cd) Upper 3 I3 1.30 - 3.50 2.23 100 0 

Calcium (Ca) Upper 3 13 1,830 - 43,800 17,700 NA N A 

Chromium (Cr) U l W r  3 I3 42.5 - 70.1 59. L 1,m 0 

Cobalt {Co) 

Copper (Cu) Upper 3 13 1,670 - 5,420 3,080 8,200 0 

Cyanide ICN) Upper 1 13 0.390 0.390 NA NA 

Iron (Fe) Upper 3 /3 21,500 - 69,700 38,100 6~1,000 0 
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Table 10.18.42 
SWMU 173 

Inorganic Detections in Sediment (mgkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected k t e d  Industrial Exceeding 
Element Interval Detection Conc. Conc. RBC RBC 

Lead (Pb) upper 313 721 - 4,270 1,930 400 3 

Magnesium (Mg) upper 3 I3 342 - 1,100 68 1 NA NA 

Manganese (Mn) upper 3 13 224 - 435 308 4,700 0 

Mercury (Hg) Upper 313 0.0300 - 0.370 0.153 6 1 0 

Nickel (Ni) UPPr 313 I19 -861 44 1 4,100 0 

Potassium (K) Upper 1 I3 208 20 8 N A N A  

Selenium (Se) upper 2l3 0.650 - 1.20 0.925 1,000 0 

Silver (Ag) Upper 113 1.10 1.10 1 ,m 0 

Sodium (Na) upper 213 95.3 - 137 116 N A NA 

Tin (Sn) Upper 3 I3 73.3 - 251 I34 100,000 0 

Vanadium w) U r n  3 13 8.60 - 17.4 12.1 1,400 0 

Zinc (Zn) Upper 313 580 - 4,560 1,950 t11,000 0 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
NA = No industrial soil RBC established 
* = For the purposes of this investigation, sediment collected from stonn and floor drain catch basins are trested as 

soil and compared to industrial RBCs instead of  RAGS SSVs. 

Volatile Organic Compounds in Sediment 1 

One VOC - toluene - was detected in one of three sediment samples coillected at SWMU 173. 2 

The sample did not exceed the toluene industrid soil RBC of 410,000 pglkg. 3 

Semivolatile Organic Compounds in Sediment 4 

Sixteen SVOCs were detected in soil samples collected at SWMU 1/73, with a total of 5 

26 detections. No SVOCs were detected above their respective industrial soil RBC. 6 
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In accordance with recent cPAH guidance, BEQs were calculated at S W I J  173. The BEQ was 

calculated for three samples with a range of 9.39 to 533 pglkg and a mean of 261 pglkg. None 

of the calculated BEQs exceeded the benzo(a)pyrene industrial soil RBC of 780 pg/kg. 

Pesticides and PCBs in Sediment 

Four pesticides were detected in sediment samples collected at SWMU' 173. No pesticides 

exceeded their respective industrial soil RBC. 

One PCB - Aroclor-1260 - was detected in sediment samples collected at SWMU 173. The 

sample did not exceed the Aroclor- 1260 industrial soil IU3C. 

Other Organic Compounds in Sediment 

Based on the COPCs associated with SWMU 173, no samples were sutlmitted for laboratory 

analysis for other organic compounds. Samples were submitted for labomtory analysis for 

organotins at SWMU 173; no detections were recorded. 

Inorganic Elements in Sediment 

Twenty-four metals were detected in sediment samples collected at SWMlU 173, with a total of 

64 detection. The detected concentration of two metals - arsenic and lead - exceeded their 

respective industrial soil RBCs. 

Arsenic was detected in three of three upper-interval samples with a range a4 5.80 to 15.9 mg/kg 

and a mean of 9.73 mglkg. Three samples (173M0001, 15.9 mg/kg; 173M0002, 5 .8  mglkg; and 

173M0003, 7.5 mg/kg) exceeded the arsenic industrial soil RBC of 3.8 mglkg. 
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Lead was detected in three of three upper-interval samples with a mnge of 721 to 4,270 mg/kg 

and a mean of 1,930 mg/kg. Three samples (1 73M0001, 4,270 mglkg; 17'3M0002, 8 1 1 mglkg; 

and 173M0003, 721 mglkg) exceeded the lead industrial soil RBC of 400 mg/kg. 

10.18.5 Fate and Transport Assessment for SWMU 173 

SWMU 173 is a series of storage compartments used for lead ingots and hazardous materials 

(Building 1297). Each compartment has an opening in the roof, which is used to transfer 

materials. The ground surface around the building is entirely paved with concrete except for a 

small grassy area roughly 60 feet to the north. Environmental media sampled as part of the 

SWMU 173 CSI included surface soil, subsurface soil, and catch-basin1 sediment. Potential 

constituent migmtion pathways investigated for SWMU 173 include soil to groundwater and 

surface soil to sediment. The emission of VOCs from surface soil to air patl- way was not assessed 

since no VOCs were reported in surface sod samples. 

10.18.5.1 Soil-to-Groundwater C ross-Media Transport: Tier One 

Table 10.18.5.1 compares maximum inorganic concentrations in soil to the greater of (a) risk- 

based SSLs, or (b) RCs. To provide a conservative screen, generic SSLs are used; leachate 

entering the aquifer is assumed to be diluted by a ratio of 10: 1 , with no attenuation of constituents 

in soil (DAF = 10). 

Cobalt was the only constituent detected in SWMU 173 soil above groundwater protection SSLs. 

It was detected in one surface soil sample at a concentration marginally above its RC (EPA does 

not list a generic SSL for cobalt). Subsurface soil concentrations of cobalt d:id not exceed its RC, 

10.18.5.2 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.18.5.2 provides a second screening tier for constituents detected in soil at concentrations 

exceeding the first-tier screening level. Constituent concent~ations in soil are compared to 
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calculated SSLs that are based on the adjusted RBCs rather than the original target leachate 

concentrations. For the second-tier screen, no dilution of leachate by groundwater or attenuation 

of constituents in soil is assumed @AF= 1). The second screening tier identifies any constituents 

in soil that pose a threat to surface water quality, after allowing for dilution of groundwater by 

surface water when the groundwater discharges into the river. The site-specific surface-water 

dilution factor calculated for combined SWMU 173 is 158,000: 1 (see Tat~le 6.2.1). 

Cobalt, the single frst-tier constituent exceeding a screening concentration, did not exceed the 

adjusted screening levels of the second tier, indicating that site constituents in soil pose no threat 

to human health or the environment in the Cooper River. 

10.18.5.3 Surface Soil-to-Sediment Cross-Media Transport 

Tables 10.18.4.1 and 10.18.4.2 summarize the constituent concentrations detected in sediment 

samples at SWMU 173. It is unlikely that constituents reported in surfac:e soil are a source of 

contamination in catch basin sediment since the ground surface is entirely paved. Organic 

constituents detected in sediment samples collected from the catch basins at SWMU 173 included 

VOCs, SVOCs, pesticides, and PCBs. No organic constituents were detected in SWMU 173 soil 

samples. Inorganic concentrations were generally higher in sediment samples than in soil samples. 

These inorganics consist of chromium, copper, iron, lead, nickel, and zinc. Concentrations of 

these inorganics are potentially related to the site's uses which include lead storage. Fate and 

tmsport for constituents detected in sediments from catch basins will be exiunined in the Zone L 

RFI report. 

10.18.5.4 Fate and Transport Summary 

No organic compounds were detected in samples collected at SWMU 173. Cobalt was reported 

in one surface soil sample at a concentration marginally exceeding its RC, but it was not above 

the adjusted screening value of the second-tier comparison. Consequently., there is no apparent 

threat to surface water in the Cooper River via the evaluated migration pathways. 



Table 10.18.5.1 
Chemicsla Dclected in Surface Soil and Subsurface Soil 
Cornpuis~l16 SSLa, Tap Water RBCa, Salt Watcr Surface Water Chronic Scncning Levels. and Background Concentrations: Tier One 
NAVBASECharleston Zone E: SWMU 173 
Charlaton, South Carolina 

* Screening Conccntr.ticms: 
Soil to GW - Generic S S b  based on DAF = 10, adapted from 1996 EPA Soil Screening Guidance or calculated using values from Table 6.2 
Tap Water RBC -From EPA Region 111 Riak-Bued Concentration Table, June 3, 1996 
Salt Water Surfacc Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 B u l l a l ~ ,  Eoological Rink Anseaament, November, 1995; Table 2 

In each case, the value shown is the greater of the relevant screening value or the corresponding background reference value 

Units: See notes for Table 10.1.5.1 

G r d -  Surface 
Water W e  

Leaching Migration Migration 
Potential Concern Conom 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Soil Water 
Units Units 

MGMC vwz 
MMG UOA 

MMC UWL 

~ o x o  uoh 

MMG UGR 

M ~ G  U O ~  

MDXC urn  
uolto uoz 
MGXO uwz 
~ o x o  urn  
MWO uaa 
m a  v a t  
MWO uon 
MWG u rn  

Parameter 

Inongurie Compounds 
Aluminum 
Aracnic 
Barium 
Beryllium 
Chromium (total) 
Cobalt 

cop pet 
Lad 
MaW='- 
Mmllry 
Nickel 
Selenium 
Vanadium 
Zinc 

Max. Concentration 

Surfwe Subsurface 
Soil Soil 

5600 6800 
5.8 6.2 

25.5 38.9 
0.19 0.37 
10.8 13.9 
23.1 9.9 
40.9 60.6 

3.4 6.1 
90 113 

0.03 0.03 
2.6 2.1 
ND 0.66 

20.2 25.3 
25.5 42.4 

M u .  Concentration 

Shallow Deep 
GW GW 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
N A  NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Screening Co~rcentration * 
Soil io Salt Wtr. 
GW Tap Wplcr S d .  Wtr. 
SSL RBC Chronic 

41100 3'1000 NA 
23.9 18.7 36 
820 :%00 NA 

32 1.2 NA 
94.6 37000 103 

19 2200 NA 
152 1500 2.9 
400 I S  8.5 
881 12560 NA 
2.6 11 0.2 

77.1 730 42.2 
2.5 180 71 

3000 260 NA 
6000 1:1000 86 
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10.18.6 Fixed-Point Risk Evaluation for SWMU 173 

10.18.6.1 Site Background and Investigative Approach 

SWMU 173 consists of two separate areas used to store lead ingots and other hazardous materials 

and is located in Building 1297. This site is located in a highly industrialized portion of Zone 

E. As a result, the risk assessment for this site is presented as a FRE following the framework 

presented in Section 7.3. 

Two surface soil samples were considered in the SWMU 173 FRE. Groundwater was not 

sampled as part of the SWMU 173 Rm. Section 10.18.1 contain summaries of the sampling 

effort for SWMU 173. 

10.18.6.2 Fixed-Point Risk Evaluation for Soil 

Table 10.18.6.1 provides CPSS summaries for SWMU f 73 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and RCs. No COPC,s were identified for 

SWMU 173 soil for either the residential or industrial scenarios. Arsenic was detected at a 

concentration above both its residential and its industrial RBCs, and beryllium was detected at a 

concentration above its residential RBC. Both arsenic and beryllium were eliminated from 

consideration based on comparison to their RCs. Wilcoxon rank sum analysis was not performed 

for SWMU 173 surface soil since there were only two samples collected. 

10.18.6.3 FRE Summary 

Data collected for SWMU 173 were sclleened according to the process prese~nted in Section 7.3.4. 

No COPCs were identified subsequent to this screening. 
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10.18.7 Corrective Measures Considerations 

For SWMU 173, the upper and lower soil intervals were investigated. Based on the analytical 

results and the FRE, no COC requiring further evaluation through the CMS process was identified 

for the soil intervals. 

Residential use of the site is not expected, based on current site uses and the .nature of surrounding 

buildings. Current reuse plans call for continued commerciaVindustrial use. The site is paved 

with concrete. No further action is recommended for the soil interval. Groundwater was not 

analyzed. 
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10.10 SWMU 83, Foundry, Building 9; SWMU 84, Lead Storage, Building 9; and 
AOC 574, Building 9 Fuel Tank 

SWMU 83 is a former foundry in Building 9. The foundry operations have been discontinued 

since at least 1991, and currently the building contains electrical power supply equipment, 

capacitors, transformers, rectifiers, furnaces, and ovens. The building is also used to repair 

hydraulic equipment. The foundry was built in 1906 and was used to cast metal parts in refitting 

shps. The primary industrial process associated with this facility was melting and casting copper 

alloy parts. Two fuel oil above-ground storage tanks (ASTs), which have not been 

decommissioned, are adjacent to the building. An abandoned oven was posted as containing 

PCBs. An approximately 10-cubic-foot pit of soot and metal scraps was observed below the 

electric furnace, The smoldering pots contain friable asbestos. Lead bricks and drums of 

hazardous materials from previous operations are present in the building. Most recently, the 

foundry was used to repair hydraulic equipment and as a power substation (providing electricity 

for smoldering activities). Several foundry-related air emissions sources remain within the unit. 

These include the following: 

a The foundry furnace, designated as company point I.D. No. 53 on the Bureau of 

Air Quality Control Permit No. 0560-0002, has an associated 67-foot stack with no 

continuous emission monitors. 

a The foundry mold's cyclone, designated as company point I.D. No. 54 on the Bureau of 

Air Quality Control Permit No. 0560-0002, has a 30-foot high, 2-foot inside diameter 

stack with no continuous emission monitors. 

SWMU 84 consists of an area outside of Building 9 used to store lead blankets and shielding. The 

majority of the lead is encased in either rubber or fabric; however, uncovered lead materials have 

been stored here. The lead-containing materials are placed either on pallets or directly on the 
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concrete pavement. No containment structures are associated with this unit. No information could 

be found regarding the period of operation. 

AOC 574 is the site of a 3,700-gallon AST east of Building 9. The inactive fuel tank formerly 

contained fuel oil for the furnaces and torches in Building 9. The tank is in an unpaved area and 

has no secondary containment. No information could be found regarding the period of operation. 

SWMU 84 and AOC 574 have not been investigated previously. The following incidents and/or 

investigations occurred at SWMU 83: 

In a hand-written Department of the Navy memorandum, a transformer oil spill is reported 

to have occurred on August 22, 1979, in Building 9. The spill occurred while removing 

transformers. More than 100 gallons of transformer oil spilled on the ground and concrete 

pavement southeast of Building 9. The oil was sampled and submitted for PCB analysis; 

no documentation concerning the results has been found. The spill area was covered with 

absorbent materials, roped off, and posted with signs limiting access due to the presence 

of PCBs. No other spill cleanup activities are known to have occurred. 

According to Hazardous Material Incident Report No. 84-55, a capacitor in an electrical 

power supply exploded on September 18, 1984, spraying burned Pyranol oil residue 

inside an 8' x 6' x 7' containment room. The containment room was subsequently sealed 

and posted with PCB warning labels. The damaged capacitor was removed on 

October 3, 1984, and the room was cleaned up on October 19, 1984. The capacitor and 

cleanup debris were containerized in a 55-gallon drum and submitted for disposal through 

a Defense Logistics Agency (DLA) contract. 
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Environmental Incident Report No. 88-68 states that a half gallon of oil mixed with soot 

spilled in August 1988. The spill area included an electrical rectifier and concrete 

foundation. On August 26, 1988, a composite sample from three locations in the spill area 

was collected and analyzed for PCBs; the results showed 124 ppm of Aroclor-1260. 

Following cleanup, the debris was placed in a drum and transferred to Building 246, a 

NAVBASE hazardous waste storage facility, for disposal. Two wipe samples were 

subsequently taken and analyzed for PCBs. The wipe sample from the rectifier indicated 

120 micrograms per swab bglswab) of Aroclor-1254; the wipe sample from the concrete 

pad indicated 347 ,ug/swab of Aroclor-1254. Based upon these results, a double-rinse 

cleanup was conducted on September 7 ,  1988. 

a Wipe samples were collected in January 1989 from around the drain plug and the cement 

foundation for the transformer NS 1A cabinet. The PCB analysis indicated f ,290 pglswab 

of Aroclor-1260 (drain plug area) and 19,000 pglswab of Aroclor-1260 (cement pad). The 

same two areas were sampled in early February 1989 with PCB results of 125 pglswab and 

5,620 pg/swab Aroclor-1260, respectively. The analytical results necessitated further 

cleaning to meet the USEPA requirements of 100 micrograms per 100 square centimeters 

(pg/100 cm2). The spill area was recleaned and resampled on April 15, 1989, with results 

of 78 pg/swab in the drain plug area and 132 pg/swab of Aroclor-1260 on the concrete 

pad. Sampling on May 27, 1989, indicated < 10 pglswab of Aroclor-1260 on the cement 

pad. 

Environmental Incident Report No. 91-83 states a fire was discovered in the generating 

station at the foundry on May 23, 1991. The generating station provided the electricity to 

operate the induction heaters which operated the foundry's ovens. The generating station 

contained PCB capacitors. It was determined that an air-cooled transformer overheated 
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and caught fire. The PCB capacitors were not damaged. No known PCB investigation or 

cleanup is known to have been conducted. 

On September 19, 1988, three wipe samples were collected from the interior of the 

foundry Ajax oven and analyzed for PCBs. One sample was a wipe of a 100 crd area on 

top of the second capacitor from the left in the bottom bank; analysis indicated 

386.32 micrograms per wipe (pglwipe) of Aroclor-1254. The other two samples are not 

based on a per unit area due to the large amount of dirt and grease also incidentaIly 

collected. One sample from the wooden base under the bottom bank of the capacitor 

indicated 235.29 milligrams per gram (mglg) of Aroclor-1254. The second was taken 

from the floor behind the capacitor banks, and indicated 26.28 mglg of Aroclor-1254. 

On October 27, 1988, airborne PCB (Aroclors-1254 and 1242) monitoring was conducted 

inside an Ajax Oven Control Center in the foundry while the oven was operating. Three 

areas were monitored approximately three hours; only one area had a reported PCB 

concentration (0.0029 milligrams per cubic meter [mg/m3] Aroclor-1254) above the 

laboratory quantitation limit of 0.0020 mg/m3. 

Materials of concern identified in the Final Zone E RFI Work Plan are as follows: SWMU 83, 

lead, paints, solvents, friable asbestos, dielectric fluid, and petroleum hydrocarbons; at 

SWMU 84, lead; and at AOC 574, petroleum hydrocarbons. Potential receptors that may be 

exposed to site contaminants include current and future building users and any site workers this 

area may support following base closure. 

To fulfill the RFI objectives at SWMUs 83 and 84 and AOC 574, air, soil, groundwater, and wipe 

samples were collected in accordance with the Final Zone E RFI Work Plan and Section 3 of this 

report to determine whether any contamination resulted from onsite activities. 
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10.10.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at SWMUs 83 and 84 and AOC 574 from the locations shown in 

Figure 10.10.1. The Final Zone E RFI Work Plan&H proposed collecting 12 soil samples from 

the upper interval and 12 from the lower interval. Soil samples were also collected at both 

intervals from the seven shallow monitoring well locations proposed at this site. During the first 

round of sampling, all 19 proposed upper-and 19 proposed lower-interval samples locations were 

collected. 

First-round Sampling - First-round samples were submitted for analysis at DQO Level I11 for 

organotins and the standard suite of parameters, which includes VOCs, SVOCs, pesticidesIPCBs, 

metals and cyanide at DQO Level 111. Five upper-interval and six lower-interval samples were 

also submitted for TPH analysis due to high OVA readings at SWMU 83 and surface staining 

around AOC 574. No duplicate samples were collected at this site. Table 10.10.1.1 summarizes 

the first round of soil sampling at SWMU 83 and associated sites. 

Table 10.10.1.1 
SWMUs 83 and 84 and AOC 574 

First Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Collected Deviations 

Upper 19 19 Standard Suitea, Standard Suitea, Five samples were 
organotins organotins analyzed for TPH 

Lower 19 19 Standard Suite" Standard Suitea, Six samples were 

Note: 
a = Standard Suite includes VOCs, SVOCs, pesticidestPCB, metals, and cyanide 

Second-round Sampling - Second-round sampling was performed at SWMUs 83 and 84 

and AOC 574 after first-round analytical results were compared to the USEPA Region I11 RBCs 
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and SSLs (April 1996). The second round included nine upper- and nine lower-interval samples 

to determine the extent of constituents detected during first-round sampling. Eight of nine 

proposed upper-interval samples and eight of nine lower-interval soil samples were collected. One 

upper-interval sample was not collected due to surface obstructions and one lower-interval sample 

was not collected due to sample saturation, or subsurface obstructions such as wood or rocks. 

Parameters exceeding RBCs included SVOCs, metal, and pesticides1PCBs. Section 10.10.2 details 

specific parameters and locations which exceeded RBCs. 

All second-round samples at SWMUs 83 and 84 and AOC 574 were submitted for analysis of 

SVOCs and VOCs. One upper-interval duplicate sample was collected and analyzed for 

Appendix IX SVOCs, pesticides, metals, and cyanide. Table 10.10.1.2 summarizes the second 

round of soil sampling at SWMU 83 and associated sites. 

Table 10.10.1.2 
SWMWs 83 and 84 and AOC 574 

Second Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Pro & ed ~oIl&ed Pro col&ed Deviations 

UP 9 8 Metals, SVOCs Metats, SVOCs One sample was not collected 
due to surface obstructions. 
Pour samples were also 
analyzed for VOCs, 
pesticides, PCBs 

Lower 9 8 Metals, SVOCs Metals, SVOCs One sample was not collected 
due to subsurface 
obstructions. Four samples 
were also analyzed for VOCs, 
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10.10.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 10.10.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.10.2.2. Appendix H contains the complete 3 

data report for a11 samples collected in Zone E. 4 

Table 10.10.2.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in Soil @/kg) 

Range of Mean of Number of 
Sampling Freq. of Detected Detected Industrial Samples 

Compound Interval Detection Conc. Conc. RBC Exceeding RBC 

v o c s  

Acetone Upper 12/23 6.00 - 200 75.2 20,000,000 0 

Lower 1 I /23 13.0 - 730 117 N A N A  

2-Butanone (MEK) Upper 1/23 6.00 6.00 100,000.00o 0 

Carbon disulfide Lower 1123 4.00 4.00 N A N A 

Chlorobenzene Lower 1123 2.00 2.00 N A N A 

2-Hexanone Upper 1/23 20.0 20.0 N A N A  

Methylene chloride Upper 6123 1.000 - 14.0 4.33 760,000 0 

Lower 5123 2.00 - 7.00 5 .20  N A N A  

Toluene Upper 4123 1 .000 1.000 41.000,OOO 0 

Lower 1 I23 2.00 2.00 NA N A 

[ , I .  1-Trichloroethane Upper 2/23 1.000 1.000 7,200,000 0 

Trichloroethene upper 1 I23 37.0 37.0 520,000 0 

Xylene (Total) upper 2123 2.00 - 6.00 4.00 lM),000,DOo 0 

Lower 2123 2.00 - 5.00 3.50 N A N A 

Acenaphrfiene Upper 9127 94.0 - 8,800 2,020 12,000,000 0 

Lower 4127 140 - 2,400 1,170 N A N A  
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Table 10.10.2.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in Soil (pgfkg) 

Range of Mean of Number of 
Sampling Freq. of Detected Detected Industrial Samples 

Compound Interval Detection Conc. Conc. RBC Exceeding RBC 

svocs 
- - -  - 

Acenaphthy lene 

Anthracene 

Lower 2127 43.0 - 190 117 N A N A 

Upper 15/27 95.0 - 18,000 2,430 61,000,000 0 

Lower 8/27 79.0 - 3,400 814 N A N A 

Benzo(g ,h, 1)perylene Upper 20127 50.0 - 8,400 1,830 8,200,000 0 

Lower 7127 100 - 2,900 854 N A N A 

Benzoic acid Upper 1127 89.0 89.0 100,000,000 0 

bis(2-Ethy1hexyl)phthalate Upper 3 127 140 - 680 380 4 10,000 0 

Butylbenzylphthalate Upper 4127 130 - 300 2 15 41,000.000 0 

Carbazole 

Lower 1127 110 110 N A  N A 

Upper 1110 130 130 290,000 0 

Lower 118 200 200 N A  NA 

Upper 1127 100 100 1,m,000 0 

Dibenzofuran Upper 6127 47.0-5,600 1.920 820,000 0 

Lower 5127 45.0 - 1,700 627 N A N A 

Di-n-buty lphthalate Upper 1/27 74.0 74.0 20,000,000 0 

Lower 1/27 140 140 N A N A 

Diethylphthalate Upper 2/27 790 - 5,900 3,350 100,000,000 0 

Lower 3127 210 - 370 267 N A NA 

Dimethy lphthalate Upper 1/27 2,400 2,400 100,000,000 0 

Fluoranthene Upper 20127 100 - 73,000 8,330 8,200,000 0 

Lower 12/27 70.0 - 7,700 1,650 N A N A 
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Table 10.10.2.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in Soil bglkg) 

Range of Mean of Number of 
Sampling Freq. of Detected Detected Industrial Samples 

Compound Interval Detection Conc. Conc. RBC Exceeding RBC 

svocs 

Fluorene Upper 10127 100 - 8,200 2,210 8,200,000 0 

Lower 7127 140 - 3,700 1,630 N A N A 

Lower 10127 47.0 - 62,000 9,300 N A N A 

Naphthalene Upper 9127 64.0 - 6,900 1,560 8,200,000 0 

Lower 6/27 74.0 - 1.800 65 1 NA NA 

Pentachlorophenol Upper 1127 320 320 48,000 0 

Lower 1 127 270 270 N A N A 

Phenanthrene Upper 2 1 /27 96.0 - 83,000 8,200 8,200,000 0 

Lower 14/27 120 - 11,000 2,190 N A N A 

Py rene Upper 2 1127 120 - 59,000 6,590 6,100.000 0 

Lower 14127 84.0 - 8.600 1,330 N A N A 

SVOCs (B(a)P Equivalents) 

B(a)P Equiv. 
- -- 

Upper 20127 86.3 - 29,000 4,670 780 15 

Lower 8/27 N A N A 130 - 4.900 1,360 

Lower 8/27 120-5,200 1,180 N A NA 

Benzo(a)py rene Upper 20127 64.0 - 20,000 3,070 780 13 

Lower 9/27 NA N A 140 - 5,700 1,190 
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Table 10.10.2.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in Soil (&kg) 

Range of Mean of Number of 
Sampling Freq. of Detected Detected Industrial Samples 

Compound Interval Detection Conc. Conc. RBC Exceeding RBC 

SVOCs (B(a)P Equivalents) 

Chrysene Upper 19127 99.0 - 21.000 3,560 780,000 0 

Lower 8127 150 - 4,500 1,210 N A N A 

Lower 4127 170 - 700 390 N A NA 

Lower 6127 94.0 - 3,800 1,140 N A N A 

Pesticides 

gamma-BHC (Lindane) Lower 1/27 2.30 2.30 N A N A 

alpha-Chlordane Upper 1127 20.0 20.0 4,400 0 

gamma-Chlordane Upper 3127 3.40 - 60.0 25.1 4,400 0 

Lower 2127 2.00 - 2.20 2.10 N A N A 

Upper 2127 3.00 - 33.0 18.0 24,000 0 

Lower 1127 40.0 40 .O N A N A 

Upper 6/27 3.30 - 250 48.7 17,000 0 

Lower 1/27 5.20 5.20 NA N A 

Upper 5/27 4.50 - 290 67.1 17,000 0 

Lower 1/27 16.0 16.0 N A N A 

Dieldrin Upper 1127 9.40 9.40 360 0 

Lower 2/27 4.60 - 6.50 5.55 N A N A 

Endosdfan sulfate Lower 1127 36.0 36.0 N A N A 

Endrin Upper 6/27 3.30 - 19.0 12.0 61,000 0 

Lower 3 127 5.50 - 23.0 13.9 N A N A 

Endrin aldehyde Upper 1/27 14.0 14.0 61,000 0 

Lower 2/27 5.60 - 32.0 18.8 N A N A 
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Table 10.10.2.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in Soil (pglkg) 

Range of Mean of Number of 
Sampling Freq. of Detected Detected Industrial Samples 

Compound Interval Detection Conc. Conc. B C  Exceeding RBC 

Pesticides 

Endrin ketone Upper 1127 4.80 4.80 61,000 0 

Lower 1 /27 6.30 6.30 N A NA 

Heptachlor Upper 3/27 1.80 - 2.30 2.03 1 ,300  0 

Lower 2/27 1.80 - 2.50 2.15 N A N A 

Heptachlor epoxide upper 2/27 3.90 - 33.0 18.5 630 0 

Methoxychlor Lower 4/27 21.0 - 27.0 24.3 N A NA 
- - - .- 

TPH 

Gasoline Upper 215 124 - 5,460 2,790 N A N A 

Lower 5 16 1.15 - 23,200 5,100 NA NA 

Notes: 
,&kg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.10.2.2 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections for Sail (mgtkg) 

Mean of Number of Samples 
Sample Freq. of Range of Detected Industrial Reference Exceeding RBC ind  

Element Interval Detection Detected Conc. Conc. RBC Conc. RC 

Aluminum (Al) Upper 27127 1.350 - 6,640 4,370 100,OOO 26,600 0 

Lower 27127 1,340 - 13,700 6,190 N A 41,100 N A 

Antimony (Sb) Upper 15/27 0.590 - 10.7 4.27 82.0 1.77 0 

Lower 9/27 0.660 - 7.70 2.53 N A 1 .HI NA 

Arsenic (As) Upper 26/27 0.870 - 25.0 6.10 3.80 23.9 I 

Lower 27127 0.810 - 16.7 5.76 N A 19.9 N A 

Barium (Ba) Upper 25/27 10.7 - 142 45.1 14.000 130 0 

Lower 25/27 6.90 - 84.8 28.0 NA 94.1 N A 
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Table 10.10.2.2 
SWMUs 83 and 84 and AOC 574 

inorganic Detections for Soil [mglkg) 

Mean of Number of Samples 
Snmpie Freq. of Range of Detected hdustrial Reference Exceeding RBC and 

Element lntewal Detection Detected Conc. Conc. RBC Conc. RC 

Beryllium (Be) Upper 27/27 0.1 10 - 0.760 0.386 1.30 1.70 0 

Lower 26/27 0.140 - 1.10 0.491 N A 2.71 N A 

Cadmium (Cd) Upper 18/27 0.170 - 2.50 0.971 100 1.50 0 

Lower 13127 0.230 - 2.20 0.484 NA 0.960 NA 

Calcium (Ca) Upper 27/27 123 - 26,700 8,310 W A N A N A 

Lower 25/27 617 - 49,oW 13,800 N A NA N A 

Chromium (Crl Upper 27127 1.90 - 39.6 10.9 1 ,oc@ 94.6 0 

Lower 27/27 2.80 - 31.5 14.7 N A 75.2 N A 

Cobalt (Co) Upper 27/27 1.000 - 61.6 9.03 12.000 19.0 0 

Lower 27127 0.440 - 11.2 2.74 N A 14.9 N A 

Copper (Cu) Upper 27/27 4.20 - 1,260 355 8,200 66.0 0 

Lower 26/27 1.10 - 761 112 N A 152 N A 

Cyanide (CN) Upper 4/27 0.340 - 0.570 0.420 4,100 0.500 0 

Lower 2/27 0.250 - 20.7 10.5 N A N A N A 

Iron (Fe) Upper 27127 1.250 - 60,000 11.900 61,000 N A 0 

Lower 27127 1,270 - 25,200 9,970 N A N A N A 

Lead (Pb) Upper 27/27 2.90- 1.400 23 1 1,300 265 1 

Lower 26/27 2.90 - 675 69.9 N A 173 NA 

Magnesium (Mg) Upper 27127 66.6 - 9.220 1,030 NA NA N A 

Lower 26127 I06 - 6,470 1,420 N A N A N A 

Manganese (Mn) Upper 27/27 22.5 - 441 126 4,700 302 0 

Lower 27/27 4.60 - 267 75.6 N A 881 N A 

Mercury (Hg) Upper 19/27 0.0300 - 19.4 1.22 61 .0 2.60 0 

Lower 14/27 0.0300 - 12.3 0.949 N A 1.59 N A 

Nickel (Ni) Upper 27/27 1.40 - 83.0 16.2 4,100 77.1 0 

Lower 27/27 1.20 - 38.7 7.55 N A 57.0 N A 
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Table 10.10.2.2 
SWMUs 83 and 84 and AOC 574 

inorganic Detections for Soid (mglkg) 

Mean of Number of Samples 
Sample Freq. of Range of Detected Industrial Reference Exceeding RBC and 

Element Interval Detection Detected Conc. Conc. RBC Conc. RC 

Potasslum (K) Upper 20127 308 - 1,060 719 N A NA N A 

Lower 20127 436 - 3470 1.160 N A NA NA 

Selenium (Se) Upper 8/27 0.580 - 0.740 0.65 1 1 .m 1.70 0 

Lower 8/27 0.750 - 3.10 1.53 N A 2.40 N A 

Silver (Ag) Upper 8/27 0.250 - 3.00 1.03 1 .m N A 0 

Sodium (Na) Upper 14/27 38.0 - 559 167 N A N A N A 

Lower 15/27 35.7 - 774 363 N A N A N A 

Thallium (TI) Upper 3/27 0.590 - 2.80 1.73 16.0 2.80 0 

Lower 1127 0.720 0.720 N A NA N A 

Tin (Sn) Upper 15/27 4.00 - 148 47.8 100.000 59.4 0 

Lower 8/27 4.40 - 61.1 15.9 N A 9.23 N A 

Vanadium (V) Upper 27/27 1.80- 21.9 10.3 1,400 94.3 0 

Lower 27/27 3.00 - 37.8 16.6 N A 155 N A 

Zinc (Zn) Upper 27/27 12.3 - L.210 334 61.000 827 0 

Lower 26/27 5.10 - 1.300 158 N A 886 N A 

Notes: 
mgikg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No industrial RBC or RC established 

Volatile Organic Compounds in Soil I 

Ten VOCs were detected in soil samples collected at SWMUs 83 and 84 and AOC 574. 2 

Twenty-nine detections occurred in the upper interval and 21 in the lower interval. No VOC 3 

exceeded its respective industrial RBC in the upper interval or respective SSL in the lower 4 

interval. 5 
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Semivolatile Organic Compounds in Soil 

Twenty-nine SVOCs were detected in soil samples collected at SWMUs 83 and 84 and AOC 574. 

Two hundred and ninety-six detections occurred in the upper-interval and 147 in the lower 

interval. Five SVOCs - benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, 

dibenz(a,h)anthracene, and indeno(l,2,3-cdlpyrene - exceeded their respective industrial RBC 

in the upper interval. Additionally, four SVOCs - benzo(a)anthracene, benzo(b)fluoranthene , 

benzo(a)pyrene, and chrysene - exceeded their respective SSL in the lower interval. 

Benzo(a)anthracene was detected in 19 of 27 upper-interval samples with a range of 79.0 to 

26,000 pglkg and a mean of 3,680 pglkg. Three upper-interval samples (084SB004, 

11,000 pglkg; 574SB005, 26,000 pglkg; and 574SB008, 9,300 pglkg) exceeded the 

benzo(a)anthracene industrial RBC of 7,800 pglkg. Benzo(a)anthracene was detected in eight of 

27 lower-interval samples with a range of 130 to 4,900 pglkg and a mean of 1,360 pglkg. Three 

lower-interval samples (083SB001, 4,900 pglkg; 083SB006, 3,600 pglkg; and 574SB005, 

840 pglkg) exceeded the benzo(a)anthracene SSL of 700 pglkg. 

Benzo(b)fluoranthene was detected in 18 of 27 samples with a range of 100 to 21,000 pglkg and 

a mean of 3,290 pglkg. Two upper-interval samples (084SB004, 8,500 pg/kg; and 574SB005, 

21,000 pglkg) exceeded the benzo(b)fluoranthene industrial FU3C of 7,800 pglkg. 

Benzo(b)fluoranthene was detected in eight of 27 lower-interval samples with a range of 120 to 

5,200 pglkg and a mean of 1,180 pglkg. One lower-interval sample (083SB001, 5,200 pglkg) 

exceeded the benzo(b)fluoranthene SSL of 4,000 pglkg. 

Benzo(a)pyrene was detected in 20 of 27 upper-interval samples with a range of 64.0 to 

20,000 pglkg and a mean of 3,070 pglkg. The following thirteen upper-interval samples exceeded 

the benzo(a)pyrene industrial RBC of 780 pglkg: 
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083SB001 (860 pglkg) 084SB004 (9,300 pglkg) 574SB003 (2,600 pglkg) 

083SB006 (2,900 pglkg) 084SB005 (3,400 pglkg) 574SB005 (20,000 pglkg) 

083SBO10 (1,100 pglkg) 084SB007 (1,200 pglkg) 574SB007 (1,300 pglkg) 

0 1  (4,100 pglkg) 574SB001 (3,100 pglkg) 574SB008 (7,600 pglkg) 

084S3003 (1,700 pglkg) 

Benzo(a)pyrene was detected in nine of 27 lower-interval samples with a range of 140 to 

5,700 pglkg and a mean of 1,190 pglkg. One lower-interval sample (083SB001, 5,700 pglkg) 

exceeded the benzo(a)pyrene SSL of 4,000 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at SWMUs 83 and 

84 and AOC 574. BEQs were calculated for 20 of 27 upper-interval samples with a range of 

86.3 to 29,000 yglkg and a mean of 4,670 pglkg. The following fifteen samples exceeded the 

benzo(a)pyrene industrial RBC of 780 pglkg. 

083SB001 (1,280 pglkg) 084SB004 (15,629 pglkg) 574SB002 (874 pglkg) 

083SBOO6 (4,281 pglkg) 084SB005 (5,49 1 pglkg) 574SB003 (3,458 pglkg) 

083SB010 (1,523 pglkg) 084SB007 (2,070 pglkg) 574SB005 (29,000 yglkg) 

084SB001 (5,904 pglkg) 084SB008 (788 pglkg) 574SB007 (2,191 pglkg) 

084SB003 (2,824 ~ g l k g )  574SB001 (4,517 pglkg) 574SBOO8 (12,438 pglkg) 

Chrysene was detected in eight of 27 lower-interval samples with a range of 150 to 4,500 pglkg 

and a mean of 1,2 10 pglkg . Two lower-interval samples (083SB001, 4,500 pglkg; 083SB006, 

2,800 pglkg) exceeded the chrysene SSL of 1,000 pglkg. 

Dibenz(a,h)anthracene was detected in 14 of 27 upper-interval samples with a range of 83.0 to 

3,600 pglkg and a mean of 1,040 pglkg. Four samples (084SB004, 3,600 pglkg; 084SB005, 
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1,200 pglkg; 574SB005, 3,100 pglkg; and 574SB008, 2,700 pglkg) exceeded the 

dibenz(a,h)anthracene industrial RBC of 780 pglkg. 

Indeno(l,2,3-cd)pyrene was detected in 19 of 27 upper-interval samples with a range of 43.0 to 

10,000 pglkg and a mean of 2,060 pglkg . One upper-interval sample (574SBOO5, 10,000 pg/kg) 

exceeded the indeno(l,2,3-cd)pyrene industrial RBC of 7,800 pglkg. 

Pesticides and PCBs in Soil 

Fourteen pesticides were detected in soil samples collected at SWMUs 83 and 84 and 

AOC 574. Thirty-one detections occurred in the upper interval and 21 occurred in the lower 

interval. No pesticide exceeded its respective industrial RBC in the upper interval. However, one 

pesticide - dieldrin - exceeded its respective SSL in the lower interval. 

Dieldrin was detected in two of 27 lower-interval samples with a range of 4.60 to 6.50 pglkg and 

a mean of 5.55 pglkg . Two lower-interval samples (574SB005,4.6 pglkg; 574SB007, 6.5 pglkg) 

exceeded the dieldrin SSL of 1.0 pglkg. 

No PCBs were detected in soil samples collected at SWMUs 83 and 84 and AOC 574. 

Other Organic Compounds in Soil 

No other organic compounds were detected in the soil samples collected at SWMUs 83 and 84 and 

AOC 574. 

Inorganic Elements in Soil 

Twenty-five metals were detected in soil samples collected at SWMUs 83 and 84 and AOC 574. 

Five hundred and twenty-six detections occurred in the upper interval and 486 in the lower 

interval. Two metals - arsenic and lead - exceeded both their respective industrial RBC and 
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background RC in the upper interval. No metal exceeded both its respective SSL and background 

RC in the lower interval. 

Arsenic was detected in 26 of 27 upper-interval samples with a range of 0.870 to 25.0 mglkg and 

a mean of 6.10 mglkg. One upper-interval sample (084SB007, 25.0 mglkg) exceeded both the 

arsenic industrial RBC of 3.80 mglkg and the arsenic background RC of 23.9 mglkg. 

Lead was detected in 27 of 27 upper-interval samples with a range of 2.90 to 1,400 mg/kg and a 

mean of 231 mgikg. The following upper-interval sample exceeded the lead industrial RBC of 

1,300 mg/kg and the lead background RC of 265 mglkg: 083S33010 (1,400 mglkg). 

10.10.3 Groundwater Sampling and Analysis 

One deep monitoring well and seven shallow monitoring wells were installed and sampled to 

assess groundwater quality at SWMUs 83 and 84 and AOC 574 as shown in Figure 10.10.2. The 

wells were installed as follows: 

Shallow Wells installed at SWMU 83 - NBCE083001 and NBCEO83002 

Shallow Wells installed at SWMU 84 - NBCE084001 and NBCE084002 

Shallow Wells installed at AOC 574 - NBCE574001, NBCE57402, and NBCE574003 

Deep Well installed at AOC 574 - NBCE57401D 

Groundwater samples were submitted for analysis at DQO Level III for VOCs, SVOCs, 

pesticides/PCBs, metals, cyanide, chlorides, sulfates, TDS , and organotins . One sample was 

duplicated and submitted for analysis at DQO Level IV for the suite of parameters listed above 

plus a more comprehensive list of VOCs and SVOCs, as well as herbicides, organophosphorus 

pesticides, dioxin and hexavalent chromium. Table 10.10.3.1 summarizes groundwater sampling 

and analysis at SWMUs 83 and 84 and AOC 574. 
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Table 10.10.3.1 
SWMUs 83 and 84 and AOC 574 
Groundwater Sampling Summary 

Wells Wells 
Depth Proposed Installed Analyses Proposed Analyses Collected Deviations 

Shallow 7 7 Standard Suitea, Standard Suitea, None 
chlorides, TDS, sulfates, chlorides, TDS, sulfates, 
and organotins and organotins 

Deep 1 1 Standard Suitea, Standard Suitea, None 
chlorides, TDS, sulfates, chlorides, TDS, sulfates, 
and organotins and organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides1PCBs 

The shallow monitoring wells were installed at 12.5 feet bgs in the surficial aquifer. The deep 

well was installed at 29.7 feet bgs at the base of the surficial aquifer. All wells were installed in 

accordance with Section 3.3 of this report. 

10.10.4 Nature of Contamination in Groundwater 

Organic compound analytical results for shallow groundwater are summarized in Table 10.10.4.1. 

No organic compounds were detected in deep groundwater at this site. Inorganic analytical results 

for shallow and deep groundwater are summarized in Tables 10.10.4.2 and 10.10.4.3, 

respectively. Appendix H contains the complete data report for all samples collected in Zone E. 

Table 10.10.4.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in First-Quarter Groundwater 
Shallow Moaitoring Wells 

Range of Mean of Number of 
Freq. of Detected Detected Tap Water Spmples 

Compound Detection Conc. Conc. RBC MCL Exceeding RBC 

SVOCs bg/L) 

Benzoic acid 117 3.00 3.00 15.000 N A 0 
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Table 10.10.4.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in First-Quarter Groundwater 
Shallow Monitoring Wells 

Range of Mean of Number of 
Freq. of Detected Detected Tap Water Samples 

Compound Detection Conc. Cone. RBC MCL Exceed i i  RBC 

svocs (ug/L) 

Dibenzofuran 117 3.00 3 .0(3 15,000 N A 0 

Fluorene 117 5.00 5.00  1 SO N A 0 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 117 3.00 3.00 150 NA 0 

Dioxins (pg/L) 

D ~ o x ~ n  Equiv. 111 0 0455 0.0455 0.4 N A 0 

Notes: 
~ g l L  = Micrograms per l~ter 
pg1L = Picograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contarnlnant level 
NA = No RBC or MCL established 

Table 10.10.4.2 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections for First-Quarker Groundwater @/I,) 
Shallow Monitoring Wells 

Mean of Tap Number of 
Freq. of Range of Detected Detected Water Reference Samples 

Element Detection Conc. Conc. RBC Conc. MCL Exceediug RBC 

Aluminum (AD 517 54.7 - 695 270 3,700 2,810 N A 0 

Arsenic (As) 317 7.70 - 36.9 21.2 0.0450 18.7 50.0 2 

Calcium (Ca) 517 10.300 - 81.200 37.700 N A N A NA N A 

Chromium (Cr) 117 2.40 2.40 18.0 12.3 100 0 

Cobalt (Co)  117 2.70 2.70 220 2.5 N A 0 
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Table 10.10.4.2 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections for First-Quarter Groundwater @g/L) 
Shallow Monitoring Wells 

Mean of Tap Number of 
Freq, of Range of Detected Detected Water Reference Samples 

Element Detection 

Iron (Fe) 7/7 I67 - t 1.400 3,350 I ,  100 N A N A 6 

Magnesium (Mg) 5!7 6,730 - 46,300 18,100 N A N A N A N A 

Manganese (Mn) 717 34.2 - 383 191 84.0 2.560 N A 0 

Nickel (Ni) 317 1.50 - 2.20 1.90 73.0 15.2 100 0 

Potassium (K) 517 6.510 - 24,200 13.900 N A N A N A N A 

Silver (Ag) 117 2.10 2.10 18.0 N A N A 0 

Sodium (Na) 517 24,600 - 1,130,000 315,000 N A N A N A N A 

Vanadium (V) 517 1.40 - 3.20 2.12 26.0 11.4 N A 0 

Zinc (Zn) 217 4.10 - 8.70 6.40 1.100 27.3 N A 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL. or RC established 

Table 10.10.4.3 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections for First-Quarter Groundwater bg/L) 
Deep Monitoring Weil 

Range of Mean of Number of Samples 
Freq. of Detected Detected Tap Water Reference Exceeding RBC 

Element Detection Conc. Conc. RBC Conc. MCL and RC 

Aluminum (Al) 111 32.7 32.7 3.700 319 N A 0 

Arsenic (As) 111 67.5 67.5 0.0450 16.4 50.0 I 

Barium (Ba) 111 198 198 260 218 2,000 0 

Calc~um (Ca) 111 227.000 227.000 N A NA NA N A 

Cobalt (Co) 111 2.30 2.30 220 12.9 N A 0 

Iron (Fe) l!l 3 7 . W  37,000 1,100 N A N A I 

Magnesium (Mg) t!l 125,000 125,000 N A N A N A N A 

Manganese (Mn) 1/1 3.380 3,380 84.0 869 N A 1 

Nickel (Ni) 111 4.30 4.30 73.0 42.2 100 0 
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Table 10.10.4.3 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections for First-Quarter Groundwater bgiL) 
Deep Monitoring Well 

Range of Mean of Number of Samples 
Freq. of Detected Detected Tap Water Reference Exceedmg RBC 

Element Detection Conc. Conc. RBC Conc. MCL and RC 

Potassium (K) 111 5 1,500 5 1,500 N A N A N A N A 

Sodium (Na) 111 1,290,000 1 2,90,000 N A N A N A N A 

Vanadium (V) 111 1.90 1.90 26.0 5.3 N A 0 

Notes: 
uglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 

Semivolatile Organic Compounds in Groundwater 

Shallow Groundwater 

Seven SVOCs were detected in shallow groundwater samples collected at SWMUs 83 and 84 and 

AOC 574. No SVOC exceeded its respective tap-water RBC. No MCLs have been established 

for the detected SVOCs. 

Other Organic Compounds in Groundwater 

Shallow Groundwater 

One organotin - tributylin - was detected in one of seven shallow groundwater samples at 

SWMU 83. No tap-water RBC or MCL has been established for this parameter. 

Two dioxins were detected in shallow groundwater samples collected at SWMUs 83 and 84 and 

AOC 574. No tap-water RBCs or MCLs have been established for these parameters. 
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In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for the 

samples. The TEQ was calculated for one sample at 0.0455 pg/L, below the 2,3,7,8-TCDD 

tap-water RBC of 0.4 pg/L. No MCL has been established for the dioxin equivalent. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Sixteen metals were detected in shallow groundwater samples collected at SWMUs 83 and 84 and 

AOC 574. Two metals - arsenic and iron - exceeded both their respective tap-water RBC and 

shallow groundwater RC. 

Arsenic was detected in three of seven samples with a range of 7.70 to 36.9 pglL and a mean of 

21.2 pglL. Two samples from wells NBCE083001 (18.9 pg/L) and NBCE084002 (36.9 pg1L) 

exceeded both the arsenic tap-water RBC of 0.0450 pg/L and the arsenic shallow groundwater RC 

of 18.7 pglL. Neither sample exceeded the arsenic MCL of 50.0 pg/L. 

Iron was detected in seven of seven samples with a range of 167 to 11,400 pglL and a mean of 

3,350 pg1L. Samples from the following six wells exceeded the iron tap-water RBC of 

1,100 pgiL: 

No shallow groundwater RC or MCL has been established for iron. 

Deep Groundwater 

Twelve metals were detected in the deep groundwater sample collected at AOC 574 (no deep 

groundwater wells were installed at SWMUs 83 and 84). Three metals - arsenic, iron, and 
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manganese - exceeded both their respective tap-water RBC and deep groundwater RC. One metal 

- arsenic - also exceeded its MCL. 

Arsenic was detected in well NBCE57401D (67.5 pglL), exceeding both its tap-water RBC of 

0.0450 pglL and its deep groundwater RC of 16.4 pg/L. The detection also exceeded the arsenic 

MCL of 50.0 pgIL. 

Iron was detected in well NBCE57401D (37,000 pg/L), exceeding its tap-water RBC of 

1,100 pglL. No deep groundwater RC or MCL has been established for iron. 

Manganese was detected in well NBCE57401D (3,380 pgIL), exceeding both its tap-water RBC 

of 84.0 pglL and its deep groundwater RC of 869 pglL. No MCL has been established for 

manganese. 

10.10.5 Wipe Sampling and Analysis 

The Final Zone E RFI Work Plan proposed the collection of sixteen wipe samples at SWMUs 83, 

84, and AOC 574. All sixteen wipe samples were collected. Sample locations were determined 

in the field and are shown on Figure 10.10.3. Table 10.10.5.1 summarizes wipe sampling activity 

for SWMU 83. 

Table 10.10.5.1 
SWMU 83 

Wipe Sampling Summary 

Samples Samples 
Proposed Collected Analyses Proposed Analyses Performed Deviations 

16 16 Metals, SW-846 Metals, SW-846 No deviation from 
proposed strategy 



- SOIL BORINGS 
0 - CORE SAMPLES 

NAVAL BASE CHARLESTO 
- DEEP MONITORING WELLS 

@ - SHALLOW MONITORING WELLS 
- SEDIMENT SAMPLES 
- THICKNESS SAMPLES 

- WIPE SAMPLES 
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10.10.6 Nature of Contamination in Dust I 

Organic compound analytical results for wipe samples are summarized in Table 10.10.6.1. 2 

Inorganic analytical results for wipe samples are summarized in Table 10.10.6.2. Appendix H 3 

contains the complete data report for all samples collected in Zone E. 4 

Table 10.10.6.1 
SWMUs 83 and 84 and AOC 574 

Organic Compounds Detected in Wipe Samples 

Freq. of Range of Detected Conc. Mean of Detected Conc. 
Element Detection bptwipe) bglwipe) 

PCBs 

Note: 
pglwipe = Micrograms per wipe sample 

Table 10.10.6.2 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections in Wipe Samples 

Freq. of Range of Detected Conc. Mean of Detected Conc. 
Element Detection (mgtwipe) (mglwipe) 

Aluminum (Af) 16/16 554 - 47,000 4,870 

Antimony (Sb) 16/16 1.30 - 74.8 11.5 

Arsenic (As) 14/16 1.10 - 59.8 7.74 

Barium (Ba) 16/16 13.6 - 308 95 .O 

Beryllium (Be) 31 16 0.200 - 0.220 0.213 

Cadmium (Cd) 16116 0.850 - 15.6 5.07 

Calcium (Ca) 16/16 1,150 - 12,501) 5,810 

Chromium (Cr) 16116 6.50 - 300 55.7 

Cobalt (Co) 16/16 0.620 - 116 10.3 

Copper (Cu) 16/16 956 - 594,000 42,900 
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Table 10.10.6.2 
SWMUs 83 and 84 and AOC 574 

Inorganic Detections in Wipe Samples 

Freq. of Range of Detected Conc. Mean of Detected Conc. 
Element Detection (rng/wipe) (mg/wipe) 

Iron (Fe) 16/16 1,660 - 167,000 18,500 

Lead (Pb) 16116 84.5 - 11,500 1,120 

Magnesium (Mg) 16/16 77.0 - 1,750 419 

Manganese (Mn) 16116 57.0 - 3,640 460 

Mercury (Hg) 15/16 0.0500 - 1.80 0.446 

Nickel (Ni) 16/16 120 - 74,500 5370 

Potassium (K) 16/16 238 - 1,160 708 

Selenium (Se) 3/16 1.000 - 2.40 1.90 

Silver (Ag) 11/16 0.460 - 52.3 6.07 

Sodium (Na) 4/16 1,130 - 4,840 2,340 

Tin (Sn) 16/16 74.6 - 25.100 1,930 

Vanadium (V) 16/16 0.970 - 39.5 8.36 

Zinc (Zn) 16/16 339 - 21,300 2,790 

Note: 
mglwipe = Milligrams per wipe sample 

Inorganic Elements Detected on Surfaces 

Twenty-three metals were detected in wipe samples collected at SWMUs 83 and 84 and AOC 574. 

Thallium was not detected in the collected samples. No residential or industrial RBCs exist for 

wipe samples. 

PCBs Detected on Surfaces 

Three wipe samples were collected from SWMUs 83 and 84 and AOC 574 and analyzed for PCBs. 

Aroclor-1242 was detected in one of three samples at 9.80 mglwipe. No residential or industrial 

RBCs exist for wipe samples. 
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- 

10.10.7 Air Sarnpiing and Analysis I 

The Final Zone E RFI Work Plan proposed collecting 17 air samples at SWMU 83. Sample 2 

locations were determined in the field. A total of fifteen air samples were collected. 3 

Table 10.10.7.1 summarizes air sampling activity at SWMU 83. 4 

Table 10.10.7.1 
SWMU 83 

Air Sampling Summary 

Samples Samples 
Proposed Collected Analyses Proposed Analyses Performed Deviations 

17 I5 Metals, SW-846 Metals, SW-846 Collected 15 rather than 
17 air samples 

10.10.8 Nature of Contamination in Air s 

Table 10.10.8.1 summarizes the analyticai results of air samples collected at SWMU 83. Sample 6 

locations were biased in an attempt to identify worst case situations. 7 

Table 10.10.8.1 
SWMU 83 

Air Sample Results 

Element Frequency of Detection Range of Detections bglm3) 

Aluminum 15/15 0.012 - 0.060 

Arsenic 10115 0.0012 - 0.0022 

Barium 15/15 0.0013 - 0.0027 

Beryllium 8/15 0.0001 - 0.0001 

Cadmium 101 15 0.0001 - 0.0002 

Calcium 15/15 0.05 - 0.112 

Chromium 15/15 0.0004 - 0.0016 

Cobalt 4/15 0.0001 - 0.0002 
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Table 10.10.8.1 
SWMU 83 

Air Sample Results 

Element Frequency of Detection Range of Detections (pg/m3) 

Copper 14/15 0.0103 - 0.060 

Iron 15/15 0.021 - 0.164 

Lead 11/15 0.0009 - 0.0034 

Magnesium 15/15 0.016 - 0.0352 

Manganese 15/15 0.0014 - 0.0038 

Mercury 15/15 0.0001 - 0.0006 

Nickel 15/15 0.0009 - 0.0774 

Potassium 15/15 0.022 - 0.088 

Selenium 10115 0.0010 - 0.0022 

Sodium 15/15 0.10 - 0.22 

Thallium 2/ 15 0.0015 - 0.0023 

Vanadium 15/15 0.0010 - 0.0070 

Zinc 15/15 0.0066 - 0.021 

Alkalinity 

Total Alkalinity 15/ 15 4.3 - 30.4 

Note: 
,ug/m3 = Micrograms per cubic meter 

Metals Detected in Air 1 

Metals were detected in nearly all air samples. No residential or industrial RBCs exist for 2 

comparison to the air sampling results. 3 
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10.10.9 Fate and Transport Assessment for SWMUs 83 and 84 and AOC 574 

Combined SWMU 83 is comprised of a former foundry at Building 9, which more recently has 

been used as a power substation, a lead blanket and shielding storage facility, and an AST 

location. Most of the ground around the site is covered by asphalt or thick concrete, but the AST 

(AOC 574) is in an unpaved area on the east side of Building 9. There are also small grassy strips 

along Fifth Street on the south side of the foundry building and along Avenue "A" to the west. 

Environmental media sampled as part of the combined SWMU 83 RFI include surface soil, 

subsurface soil, shallow groundwater, deep groundwater, air, and dust. Potential constituent 

migration pathways investigated for combined SWMU 83 include soil to groundwater, 

groundwater to surface water, and emission of volatiles from surface soil to air 

10.10.9.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.10.9.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based SSLs considered protective of groundwater. For 

inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based SSLs, 

or (b) background RCs. To provide a conservative screen, generic SSLs are used; leachate 

entering the aquifer is assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents 

in soil (DAF = 10). 

Nine organic compounds - methylene chloride, trichloroethene, benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene, 

pentachlorophenol, and dieldrin - were detected in combined SWMU 83 soil at concentrations 

greater than groundwater protection SSLs and were carried over to the second-tier screen. None 

of the nine compounds were detected in groundwater samples, indicating that the current soil- 

groundwater equilibrium is sufficiently protective of the surficial aquifer. Maximum surface soil 

concentrations were all higher than concentrations in subsurface soil for these nine organics, 

indicating that high concentrations have not migrated deeply into subsurface soil. 
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Benzo(a)anthracene was the most pervasive of the nine organics as it was detected above its SSL 

at 12 locations in surface soil and three in subsurface soil. Of the other carcinogenic PAHs, 

benzo(a)pyrene was detected above its generic SSL in four surface soil samples and one subsurface 

sample; benzo(b)fluoranthene was detected in eight surface soil and one subsurface soil samples; 

dibenzo(a,h)anthracene was detected in four surface soil samples; and indeno(l,2,3-cd)pyrene was 

detected in one surface soil sample. Maximum concentrations of 16 SVOCs in surface soil, 

including six of the seven carcinogenic PAHs, were detected in sample 574SB005, located at the 

north end of the AST site. 

Pentachlorophenol, dieldrin, and trichloroethene were detected above their respective generic SSLs 

in one surface soil sample each (574SB008, 574SB006, and 084SB004, respectively). Dieldrin 

was also reported above its SSL in two subsurface soil samples (574SB005 and 574SB007) and 

pentachlorophenoI in one subsurface sample (084SB009). Trichloroethene was not detected above 

its SSL in subsurface soil samples. 

Eleven inorganics - antimony, arsenic, cobalt, copper, cyanide, lead, mercury, nickel, selenium, 

thallium, and tin - were detected in soil at concentrations equal to or greater than their respective 

generic SSLs or background reference values and were carried over to the second-tier screen. 

Arsenic, cobalt, copper, and nickel were also detected in groundwater, indicating a completed 

pathway from soil to groundwater for these metals. Of these four inorganics, only arsenic was 

detected in groundwater at concentrations above its groundwater standard. Cyanide and selenium 

were the only inorganics of the eleven that were detected at higher maximum concentrations in 

subsurface soil samples than surface samples. 

Copper was detected above its background reference value in 13 surface soil samples and five 

subsurface samples, the most frequent of the 11 inorganics. Relatively high copper concentrations 

in soil likely reflect past site use involving the casting of copper alloy pans. Antimony was the 
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second most commonly detected metal above its SSL, as it was detected in eight surface soil 

samples and two subsurface samples at concentrations exceeding its standard. Lead was detected 

above its de facto SSL of 400 mgtkg in seven surface soil samples and two subsurface samples; 

the maximum lead detection of 1,400 mgtkg in surface soil sample 083SB010 was twice as high 

as the next highest detection. Mercury detections above its SSL were confined to the two intervals 

at a single sample location (574SB005). Arsenic, cyanide, selenium, and thallium were detected 

above their respective SSLs or background reference values in only one sample each. 

10.10.9.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.10.9.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or (b) background RCs for groundwater, as well as to the saltwater 

surface water chronic values. To provide a conservative first-tier screen, no attenuation or 

dilution of constituents in groundwater is assumed before comparison to the relevant standards. 

Tributyltin was the only organic compound detected in the first-quarter at a concentration above 

its tap water RBC or its saltwater surface water chronic screening level. Due to detection in a 

single shallow groundwater sample (well NBCE083002), it was carried over to the second-tier 

screen. Preliminary evaluation of results from subsequent sampling rounds indicates that 

tributyltin was not detected at well NBCE083002 after the first quarter. 

Arsenic and manganese were detected in first-round groundwater samples above their respective 

background reference values and carried over to the second-tier screen. Arsenic concentrations 

exceeded its background reference value of 18.7 pglL in first-round samples in two of seven 

shallow wells and the single deep well at combined SWMU 83. Arsenic also exceeded its 



Drafr Zone E RCRA Faciliry Investigation Report 
NA VBASE Charleston 

Section 10: Sire-Spec@c Evaluations 
November 1997 

saltwater surface water chronic screening value in the sample from deep well NBCE57401D. 

Arsenic was detected at elevated concentrations (above background) in both shallow and deep 

wells in an area approximately 600 feet across, centered roughly on SWMU 83 and including wells 

from SWMUs 83, 84, 145, and 172, and AOCs 563, 574, 576, and 580. Concentrations are 

higher in deep groundwater than in shallow groundwater, with exceedances of arsenic's MCL 

(50 pg/L) reported in first-round samples from wells NBCE57401D (67.5 ,ug/L) and 

NBCE58001D (84.4 pg/L). In later rounds, arsenic detections were also above its MCL in 

samples from deep wells NBCE14501D and NBCE57602D. Manganese was detected above its 

background reference value in only one deep well (NBCE57401 D) . 

Silver was detected in shallow well NBCE574001 at a concentration greater than its saltwater 

surface water screening value and was carried over to the second-tier screen. Preliminary analysis 

of subsequent sampling round results indicates that silver concentrations decreased below its 

surface water standard at well NBCE574001. However, silver detections were greater than its 

surface water standard at two other locations during the second round: shallow well NBCE574002 

and deep well NBCE57401D. Copper was detected in a single first-round shallow groundwater 

sample at a concentration marginally higher than its saltwater surface water chronic screening 

level. 

10.10.9.3 Soil and Groundwater-to-Surface Water Cross-Media Transport: Tier Two 

Table 10.10.9.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 
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screening tier identifies any constituents in soil or groundwater that pose a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for combined SWMU 83 is 79,000: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River through the associated migration pathways. The elevated 

concentrations of several BEQs in surface and subsurface soil samples are not of concern because 

PAHs are not particularly mobile in soil or groundwater. The high concentrations of copper and 

lead in soil and arsenic in groundwater are below their respective adjusted screening levels. 

Maximum copper concentrations in soil samples remained 84% lower than its adjusted SSL of 

8,070 mglkg. The adjusted SSLs for combined SWMU 83 were obtained assuming a DAF of 1, 

which implies zero attenuation of contaminants as ieachate moves downward through subsurface 

soil toward the shallow aquifer. Due to a combination of high clay content and a thin, localized 

layer of peat, combined SWMU 83 exhibits a perched water table that is approximately 2 to 3 feet 

higher than that of the shallow aquifer in the area around the site. Both clay particles and peat 

strongly attenuate any dissolved organic or inorganic constituents moving through the soil. 

Consequently, the margin between detected soil concentrations and levels protective of the 

Cooper River is actually much greater than indicated in the table. 

10.10.9.4 Soil-to-Air Cross-Media Transport 

Table 10.10.9.3 lists the VOCs detected in surface soil samples collected at combined SWMU 83 

along with corresponding soil-to-air volatilization screening levels. Exposed soil constitutes a 

small portions of the surface area at the site. In addition, none of the VOCs was reported at a 

maximum concentration exceeding its corresponding soil-to-air volatilization screening level. As 

a result, the soil-to-air migration pathway is not expected to be significant at combined SWMU 83. 
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10.10.9.5 Fate and Transport Summary 

In the first-tier screen, nine organic compounds detected at concentrations above groundwater 

protection SSLs in soil were not found extensively distributed vertically throughout the shallow 

subsurface nor were they detected in groundwater. Occurrences of trichloroethene and 

pentachlorophenol above SSLs in soil were isolated to single locations. Detections of BEQs in soil 

but not groundwater reflect the immobility of PAH compounds. Lack of detections of organic 

compounds in groundwater above tap water RBCs indicates that the present soil-groundwater 

equilibrium is protective of groundwater. 

Although eleven inorganics were detected above their generic SSLs or background reference 

values in soil during the first-tier screen, only four were additionally detected in groundwater 

samples. Arsenic was the only metal of the four found to be above its groundwater standard. 

Vertical distribution of the eleven metals in soil appeared limited due to the greater concentrations 

in surface soil compared to subsurface soil. Relatively high concentrations of copper, lead, and 

zinc in soil, likely related to past foundry activities, have had little or no impact on groundwater. 

None of the constituents exceeding first-tier screening values exceeded the adjusted screening 

values of the second-tier comparisons, indicating no threat to surface water in the Cooper River 

via the evaluated migration pathways. 



Table 10.10.9.1 
Chemicals Dclactcd in Surfbce Soil, Subsurface Soil, Shallow Groundwater, and Dccp Groundwater 
Comparison to SSLs, Tap Watcr RBCs, Salt Watcr Surface Water Chronic Screening Levels. and Background Conoentration?l: Tier One 
NAVBASECharlcsUq Zone E: SWMUs 83 and 84 and AOC 574 
Charicstoq South Carolina 
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Smening Concenlrat id 
Soil to Salt Wkr. 
GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
4000 la00 NA 

16000 1000 NA 
350 39 

13800 2900 NA 
10 4.1 2560 

6000 750 37 
1000 790 312 

30 1.6 NA 
71000 12000 NA 

285000 2200 9.7 
150000 1500 NA 

5900000 11000 N A  
200000 150000 NA 

2.338+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 N A  
7000 0.092 NA 

930000 7300 29.4 
300 3.4 NA 

2000 180 NA 
N A 150 NA 

2300000 3700 3.4 
235000 29000 75.9 

1200000 370000 580 
10000000 730 NA 
1800000 4.8 NA 
2150000 1500 1.6 

280000 1500 NA 
63000 I500 NA 

690 t 80 NA 
42000 1500 23.5 

15 0.56 7.9 
690000 1500 NA 

2100000 1100 NA 

4.5 0.052 0.016 
5000 0.052 0.004 
5000 0.052 0.004 
8000 0.28 0.025 

27000 0.2 
16000 0.2 0.001 

2 0.0042 0.0019 
9000 220 NA 

500 11 0.0023 
500 I1 NA 
500 11 NA 

11500 0.0023 0.0036 

Parameter 

Volatile Organic Compounds 
Acetone 
2-Bulmonc (MEK) 
Carbon diau=de 
Chlmbcnzenc 
2-Hexanone 
Methylcne chloride 
Tolucnc 
I,l,l-Trichlorotthanc 
Trichlorocthcne 
Xylcne (total) 

Semivolntile Orgmnic Compounds 
Aomaphthene 
Acenaphthylcne 
Anthacenc 
Benzoio acid 
Bcnzo(g,h,i)petylene 
B e n z o ( a ) p ~ e  equivalents 

Bcnzo(a)anthrecene 
B c n z o ( a ) ~ ~ m e  
Bcnzo(b)fluomthcne 
Benz~)fluorantbene 
chryscnc 
Dibcnzo(+)anhcme 
Indeno(l,23-od)pyrene 

Butylbenzylphthalate 
C&olc 
2-Chlorophenol 
Dibcnzofuran 
Di-n-butylphthalate 
Diethylphthnlate 
Dimethylphthalate 
Di-n-octylphihalate 
bis(2-Ethylhcxyl)phthalak (BEHF'IP) 
Fl uoranthene 
Fluorene 
2-Methylnaphthalene 
4-Mcthylphenol (poresol) 
Naphthalene 
Pcntachlorophenol 
Phenanthrcne 

m e  

PeutlcidedPCB Compounde 
gamms-BHC (Lindans) 
alpha-Chlordane 
gamma-Chlordane 
4,4'-DDD 
4.4'-DDE 
4.4'-DDT 
Dieldrin 
Endwrulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Hcptachlor 

Mm. Conoentrrtim 

Surface Subaurfac 
Soil Soil 

200 730 
6 ND 

ND 4 
ND 2 
20 ND 
14 7 

I 2 
I ND 

3 7 ND 
6 5 

8800 2400 
290 190 

18000 3400 
89 ND 

8400 2900 

26000 4900 
20000 5700 
21000 5200 
17000 3400 
21000 4500 
3600 700 

10000 3800 
300 110 
130 200 
100 ND 

5600 1700 
74 140 

5900 370 
2400 ND 

170 ND 
680 ND 

73000 7700 
8200 3700 
5500 62000 

110 ND 
6900 1800 

3 20 270 
83000 11000 
59000 8600 

ND 2.3 
20 ND 
60 2.2 
33 40 

250 5.2 
290 16 
9.4 6.5 
ND 36 
19 23 
14 32 

4.8 6.3 
2.3 2 5 

Man Concentration 

Shallow Deep 
GW GW 

ND M) 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

2 ND 
ND ND 
M) ND 

3 ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

3 ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

5 ND 
75 ND 

hTD ND 
7 ND 

ND ND 
3 ND 

ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 



Table 10.10.9.1 
Chemicals Detected in Surface Soil. Subsurface Soil, Shallow Groundwater, and Deep Groundwater 
Comparison to S S h ,  Tap Watcr RBCs, Salt Water Surfme Water Chronic Screening Levels, and Background Concentrations: Tier One 
NAVBASE-Charleston, Zonc E: SWMUs 83 and 84 and AOC 574 
Charlgton, South Carolina 

Screening Concentrations: 
Soil to GW - Generic S S L  based on DAF = 10, adapted from 19% EPA Soil Screening Guidance or calculated wing values from Table 6.2 
Tap Water RBC - From EPA Region 111 Risk-Bwed Concentration Table, June 3, 1996 
Salt Wate~ Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, Novcmbcr, 1995; Table 2 

In each case, the value ahown is the greater of thc rclcvant screening value or the corresponding background reference value 

Unitd: See nota for Table 10.1.5.1 

Gtound- Surface 
Water Water 

Leaching Migration Mgralion 
Potential Concern Concern, 

NO NO NO 
NO NO NO 

NO NO NO 

NO YES YES 

NO NO NO 

NO NO NO 
YES NO NO 
YES =S YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO YES 
YES NO NO 
YES NO NO 
NO YES NO 
YES NO NO 
YES NO NO 
S NO NO 
NO NO YES 

YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

Parameter - 
Hcptaohlw cpoxide 
Methoxyohlor 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

O p o t i n  Compounds 
Tributyltin 

TPH - C.lroline Range Oqnnicn 
Gasoline 

Lnorgnntc Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 

Zinc 

Scr&ning Conccnlration 
Soil to Salt Wtr. 
GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

350 0.0012 0.0036 
80000 I80 0.03 

950 0.43 10 

NA 1.1 0.01 

N A N A NA 

41100 37000 NA 
2.5 I5 NA 

23.9 18.7 36 
820 2600 NA 

32 1.2 NA 
4 18 9.3 

94.6 37000 103 
19 2200 NA 

152 1500 2.9 
20 730 37.3 

400 15 8.5 
881 2560 NA 
2.6 11 0.2 

77.1 730 42.2 
2.5 180 71 
I7 180 0.23 

2.8 2.9 21.3 
59.4 22000 NA 

3000 260 NA 
6000 11000 86 

Maw. Concentration 

Surface Subsllrfac 
Soil Soil 

3 3 ND 
ND 27 

ND ND 

ND ND 

5460 23200 

6640 13700 
10.7 7.7 

25 16.7 
142 84.8 

0.76 1.1 
2.5 2.2 

39.6 31.5 
61.6 11.2 
1260 76 1 
0.57 20.7 
1400 675 
44 1 267 
19.4 12.3 

83 38.7 
0.74 3.1 

3 ND 
2.8 0.72 
148 61.1 

21.9 37.8 
1210 1300 

Soil Watcr 
Units Unita 

UGKG uon 
UWG van 

NWKG ~ 6 h  

UMG ucn 

v m o  urn  

MGKO uon 

M ~ G  uon 

MGXG uwz 
MMG UGR 

MGMG urn 
M ~ G  urn 
M ~ G  uon 
M ~ G  uon. 

MMG uan 
MGKG u r n  
MGXG UGR 

MGXG urn 
M M G  UCR. 

MGKG urn 
MMG ucn 
MGKG uan. 
MGMG uon 
MWKG 

M ~ G  uon 

MGNG u r n  

Max. Concentration 

Shallow Deep 
GW GW 

ND ND 
ND ND 

0.0455 ND 

24 ND 

ND ND 

695 32.7 
ND ND 

36.9 67.5 
32 198 

ND ND 
ND N'D 
2.4 ND 
2.7 2.3 

3 ND 
ND ND 
ND ND 
383 3380 
ND ND 
2.2 4.3 
ND ND 
2.1 ND 
ND ND 
ND ND 
3.2 1.9 
8.7 ND 



Table 10.10.9.2 
Chemicals Detected in Surfdce Soil, Subsurface Soil, Shallow Groundwater, or Deep Groundwater at Concentratiom Exceeding any Initial Screening Concentration 
Comparison to Combined EcologicaVHuman Health RBCs Adjusted for Surface Watcr Dilution, and to S S h  Based on Adjusted EcologicaLfliuman Health RBCs: Tier Two 
NAVBASEEhatleston, Zone E: SWMUs 83 and 84 and AOC 574 
Charleston, South Carolina 

Initial Screening Concentrations: See notea for Tabls 10.1.5.2 
In this table, (he screening values shown are not adjusted for background refcrcncc values 

Parameler 

Volatile Organic Compounds 

emivolatile O r g ~ n i c  Compounds 
enzo(a)pyrene equivalenu 
Bcnzo(a)anhcene 
B m o ( a ) p p e  
Benzo(b)flmnthene 
Dibenzo(a,h)anlhracenc 
Indeno(l,2,3-cd)p)m 

entachlorophenol 

P e s t i c i d d C B  Corn pounds 
ieldrin 

Organoiin Compounds 
ributyltin 

Inorganic Compounds 
Antimony 
Anenic 

obatt 

W 
yanidc 

Lead 
hknganese 

M ~ V  
Nickel 
Selenium 
Silver 
Thallium 
Tin 

# Adjusted Scrcming Concentrations: Scc notes for Tabk 10.1.5.2 
Adjusted EcoiHH Groundwater RBC - Combined E c o m  Surface Water RBCs multiplied by site-specific surface water dilution factor of 79,000: GW concentrations protective of d a c e  water 

Units: See notes for Table 10.1.5.2 

Max. Concentration 

Swface Subsurface 
Soil Soil 

14 7 
3 7 ND 

26000 4900 
ZOO00 5700 
21000 5200 

3600 700 
lOOO0 3800 

3 20 270 

9.4 6.5 

ND ND 

10.7 7.7 
25 16.7 

61.6 11.2 
1260 76 1 
0.57 20.7 
1400 675 
44 1 267 
19.4 12.3 

83 38.7 
0.74 3.1 

3 ND 
2.8 0.72 
148 61.1 

Initial 
Screening Concentration * 

Soil Lo Salt Wtr. 
GW Tap Watcr Surf. Wtr. 
SSL RBC Chronic 

10 4.1 2560 
30 1.6 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 
800 0.0092 NA 

7000 0.092 NA 
IS 0.56 7.9 

2 0.0042 0.0019 

NA 1.1 0.01 

2.5 IS N A 
14.6 0.045 36 
1040 2200 NA 
458 IS00 2.9 

20 730 37.3 
400 15 8.5 
548 840 NA 
1.04 11 0.2 

65 730 42.2 
2.5 180 7 1 
17 180 0.23 

0.36 2.9 21.3 
55000 22000 NA 

Max. Concentration 

Shallow Deep 
GW GW . 

ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
Nn ND 
ND ND 
ND ND 

ND ND 

24 ND 

ND ND 
36.9 67.5 
2.7.  2.3 

3 ND 
ND ND 
ND ND 
383 3380 
ND ND 
2.2 4.3 
ND ND 
2.1 ND 
ND ND 
ND ND 

Adjusted Screening Concentraticms # 

Combined Adjusted Target 
EcoRD1 Eco/HH Lcachate SSL Adjusted 

Surf. Wtr. GW Conc. Multi- SSL 
RBC RBC (DAF=l) plin (DAF=l) 

4.1 3.24ECa5 5 6.48E+04 6.48E+04 
1.6 1.26E+05 5 2.$3E+04 7.58E+04 

0.092 7.27E+03 0.1 7.27€+04 5.81E+06 
0.0092 7.27EtO2 0.2 3.63Et03 1.45Et06 
0.092 7.27E.+03 0.1 7.27E+04 1.04E+07 

0.0092 7.27E+02 0.01 7.27E+04 5.81E+06 
0.092 7.27E+03 0.1 7.27E+04 1.04E+07 
0.56 4.42E+04 1 4.42E+04 6.64B+04 

0.0019 1.5OE+O2 0.005 3.00E+04 6.00Et03 

0.01 7.90E+02 1.1 7.18E+02 NA 

IS 1.19E+06 6 1.98E+O5 4.94E+04 
0.045 3.56EM3 50 7.11E+01 1.04E+02 
2200 1.74Ee8 2200 7.90E+0.4 1.00E+06 

2.9 2.29EM5 1300 1.76E+02 8.07E+03 
37.3 2.95E+06 200 1.47E+04 2.95E+04 

8.5 6.72E+05 15 4.48E+04 1.00E+06 
840 6.64Et07 840 7.90E+04 1.00Et06 
0.2 1.58E+04 2 7.WE+03 8.22E+02 

42.2 3.33Et06 100 3.33E+04 2.17Et05 
71 S.61E+06 50 1.12E+O5 2.80Et04 

0.23 1.82E+04 200 9.09€+01 \.54E+02 
2.9 2.29EtO5 2 l.l5E+05 4.12E+03 

22000 1.74Et09 22000 7.90E+04 I.OOEt06 

Units 

Soil Watcr 
Unih Unih 

u r n  won 
u r n  urn 

u m o  urn 
umo urn 
u r n  urn 
u m o  urn 
u m o  uaz 
u m o  won 

uonta van 

uam uctn 

m a  uon 
m o  uaz 
M(MCO u m  
m o  urn 
M ~ K O  urn 
M ~ G  urn 
u m o  w o n  
u m o  von 
~ m o  uctn 
M ~ K O  uah 
MGIKO UC~L 

u m o  uon 

MWO v m  

r 

S-kg Resulta 

Surface 
W a k  

kaching Migration 
Potcnlial Concern 

NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 

NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 



Table 10.10.9.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: SWMUs 83 and 84 and AOC 574 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA R e ~ o n  I11 Risk-Bad Concentration Table, June 1996. Values for 
2-Butanone (MEK) and 2-Hexanone were estimated. 
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10.10.10 Human Health ]Risk Assessment for Combined SWMUs 83 and 84 and AOC 574 

10.10.10.1 Site Background and Investigative Approach 

SWMU 83 is a former foundry which is currently used to store electrical supply equipment and 

to repair hydraulic equipment (Building 9). SWMU 84 is a area located outside of Building 9 used 

to store lead blankets. AOC 574 is a currently unused 3,700-gallon AST located east of 

Building 9. The following refers to these sites as combined SWMU 83. Due to their proximity, 

the data for these sites have been combined for the HHRA. 

During the RFI, a total of 27 soil samples were collected from the upper interval to identify 

potential impacts resulting from the activities listed above. Seven monitoring wells were installed 

in the shallow aquifer and one monitoring well was installed into the deep aquifer. Data from the 

first-quarter sampling event were used to quantitatively assess groundwater exposure pathways. 

Sections 10.10.1 and 10.10.3 provide summaries of the sampling effort for combined SWMU 83 

soil and groundwater. 

10.10.10.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.10.10.1, the focus of this HHRA is on the following COPCs: antimony, arsenic, BEQs, 

copper, lead, manganese, and nickel. Thallium was detected at a maximum concentration which 

equaled its background RC, and was added to the list of COPCs. Beryllium and chromium were 

detected at concentrations above their respective RBC but were eliminated from consideration in 

the HHRA based on comparison to their background RCs. Wilcoxon rank sum test analyses did 

not result in the inclusion of any inorganic parameter that had been screened out based on 

background concentration. 
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Groundwater 

As shown in Table 10.10.10.2, the COPCs identified in groundwater for this site were arsenic 

(shallow and deep) and manganese (deep). Manganese was detected in shallow groundwater at 

a concentration above its RBC but was eliminated from consideration in the shallow groundwater 

FRE based on comparison to its background RC. Wilcoxon rank sum test analyses did not result 

in the inclusion of any inorganic parameters that had been screened out based on background 

concentration. 

10.10.10.3 Exposure Assessment 

Exposure Setting 

Combined SWMU 83 is located in the north central portion of the Controlled Industrial Area 

(CIA). Access to the CIA is controlled with a fence and a series of guarded check points. Land 

use in the CIA and combined SWMU 83 is consistent with an industrial setting. The majority of 

the site is covered with asphalt, concrete or a building which would prevent direct contact with 

soil and would inhibit migration of potential contaminants to groundwater or air. All potable 

water is provided through the city's water supply. Groundwater is not currently nor anticipated 

to be used in the future as potable or process water. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers and hypothetical future site 

residents. Future site resident and future site worker exposure scenarios were addressed 

quantitatively in this risk assessment. Current exposure to workers is discussed qualitatively in 

relation to the future workers. The hypothetical future site worker scenario assumed continuous 

exposure to surface soil conditions. Current site workers' exposure would be less than that 

assumed for the hypothetical future site worker scenario because of their limited soil contact. 

Therefore, future worker assessment is considered to be protective of current site users. The 



Dra@ Zone E RCRA Faciliry investigation Report 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

future site resident scenario was built on the premise that existing buildings would be removed and 

replaced with dwellings. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for current and future site workers use are the 

same as those for the future site worker with respect to soil. Uniform exposure was assumed for 

all sample locations. To provide support for remedial decisions relative to groundwater, the 

associated pathways (ingestion and inhalation of volatiles) are addressed as fixed point risk 

evaluations and are presented as risk maps based on residential exposure. Table 10.10.10.3 

presents the justification for exposure pathways assessed in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs were calculated for data sets consisting of at least 

10 samples. UCLs calculated for surface soils are presented in Table 10.10.10.4. These UCLs 

were applied as exposure point concentrations for combined SWMU 83 surface soil pathways. 

Since the 95 % UCL for copper exceeded the maximum concentration, the maximum concentration 

was used as the EPC. Point risk and hazard estimates have been calculated for each of the eight 

monitoring wells at this site. Therefore, no EPCs have been calculated for groundwater. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.10.10.5 and 10.10.10.6, 

respectively. 
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10.10.10.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.10.10.7 

presents toxicological information specific to each COPC identified at combined SWMU 83. This 

information was used in the quantification of risklhazard associated with soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Antimony is absorbed slowly through the gastrointestinal tract, which is the target of this element. 

Antimony has been experimentally shown to produce a reduction in lifespan, decreased blood 

glucose, and altered cholesterol levels when tested on a population of mice. Due to frequent 

industrial use, the primary exposure route for antimony to the general population is food. 

Antimony is also a common air pollutant from industrial emissions. USEPA has posted an RfDo 

of 0.0004 mglkg-day based on a LOAEL of 0.35 mglkg-day and an uncertainty factor of 1,000. 

(Klaassen, et al, 1986). 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Kiaassen, et a1 . , 1986). USEPA set 0.3 pgtkgiday as the RfD for arsenic 

based on a NOAEL of 0.8 pglkg-day in a human exposure study. Arsenic's effects on the nervous 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which set the 1.5 (mglkg1day)-' SF. As listed in IRIS the basis for the classification 

is sufficient evidence from human data. An increased lung cancer mortality was observed in 

multiple human populations exposed primarily through inhalation. Also, increased mortality from 

multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of 
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skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 1 

Human milk contains about 3 pg/L arsenic. As listed in IRIS the critical effect of this chemical 2 

is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 3 

determined to be 3 and the modifying factor was determined to be 1. 4 

Copper is a nutritionally essential element, necessary for many of the body's enzymes. In the 

past, lead pipes and solder were used for residential water pipes, and resulting lead concentrations 

in drinking water exceeded the guidelines set by the EPA. Copper has been used to replace water 

pipes in residences due to its lower toxicity to man. Short-term exposure to copper can result in 

anemia (the lack of iron), the breakdown of red blood cells, and liver and kidney lesions. The 

target organs for copper are the liver, kidney, and red blood cell. Vitamin C reduces copper 

uptake from the gut, and other substances can also influence copper uptake. Copper fumes can 

cause metal fume fever. The RfD set by the EPA is 0.04 mglkg-day, which is 2.8 mglday for the 

average adult (70 kg). In typical vitamin supplements, 2 mglday is the approximate dose 

(NRC, 1989) (Klaassen, et al, 1986). 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or 

SF has been set by USEPA. However, an action level for soil protective of child residents has 

been proposed by USEPA Region IV, 400 mg/kg. USEPA's OSWER has recommended a 

1,300 mglkg cleanup standard for industrial properties. USEPA1s Office of Water has established 

a TTAL of 15 pglL. As listed in IRIS (search date 10/17/95), the basis for classification is 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple rat 

strains with some evidence of multiple tumor sites. Short- term studies show that lead affects gene 

expression. Human evidence is inadequate. An RfD and SF have not been set because of the 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 
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observed in the CNS, blood, and mental development of children. RfDs are based on the 

assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity). 

Once lead accumulates in the body, other influences cause the actual levels in the blood to 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 

exposed individuaI has previously been exposed to lead, this individual could lose weight and set 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 

reasons lead effects are difficult to predict (Klaassen, et al., 1986). 

Manganese is an essential nutrient. Chronic exposure to manganese, 0.8 mg/kg-day, causes 

mental disturbances and various central nervous system effects. Studies have shown that 

manganese uptake from water is greater than manganese uptake from food, and the elderly appear 

to be more sensitive than children. The oral RfD is 0.14 mg/kg-day with uncertainty and 

modifying factors of I .  When assessing the potential for adverse health effects from nondietary 

intakes (ingestion of soil or drinking water) of manganese, a modifying factor of 3 is used which 

gives an oral RfD of 0.047 mg/kg-day. An additional consideration for increased uptake of 

manganese in infants and fasted individuals further reduces the oral RfD for water ingestion to 

0.023 mglkg-day. Inhalation of manganese dust causes neurological effects and increased 

incidence of pneumonia, and an inhalation RfD was set to 0.0000143 mglkg-day. According to 

USEPA, manganese can not be classified as to its carcinogenicity. Therefore, the cancer class for 

manganese is group D. The typical vitamin supplement dose of manganese is 2.5 mglday 

(Klaassen, et al, 1986) (Dreisbach, et al, 1987). 

Mercury The major source of this element is the degassing of the earth's crust. Target organs 

of mercury include the kidney, nervous system, fetus, and neonate. In other words, this inorganic 

can be toxic to a fetus if the mother is exposed during pregnancy. Mercury is toxic to all cells in 

the body- it binds to enzymes in the cells and disrupts their function, usually causing the cell to 

be useless or die. Because this inorganic is concentrated in the kidney prior to excretion, the 
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kidney is a major target organ for mercury ingestion. The primary target of mercury vapor is the 

brain. Some forms of mercury are drawn towards fats in the body (such as the nervous system), 

where the form is changed into its toxic form. This causes the nervous disorder known as 

Minimata disease, overexposure to mercury through ingestion of contaminated fish. The weight 

of evidence classification for mercury is "Dl' not classifiable as to human carcinogenicity. USEPA 

set mercury's RfD to 0.0003 mgfkg-day (mercuric chloride). Mercury is liquid at room 

temperature, and is poorly absorbed in this form if ingested. Typical daily exposure is less than 

1 pgll-day (Klaassen, et al, 1986) (Dreisbach, et al, 1987). 

BEQs include the following list of polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Dibenz(a ,h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Chry sene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the Iiver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7 . 3  (mg/kg/day)'. Toxicity 

Equivalency Factors, also set by USEPA, are multipliers that are applied to the detected 

concentrations, which are subsequently used to calculate excess cancer risk. These multipliers are 

discussed further in the exposure and toxicity assessment sections. Most carcinogenic PAHs have 

been classified as such due to animal studies using large doses of purified PAHs. There is some 
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doubt as to the validity of these listings, and the SFs listed in USEPA's RBC table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic 

substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the 

benzo(a)pyrene B2 classification is human data specifically linking benzo(a)pyrene to a 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June f 992 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified (see 

Additional Comments for Oral Exposure). This section provides information on three aspects of 

the carcinogenic risk assessment for the agent in question: the USEPA classification and 

quantitative estimates of exposure. The classification reflects a weight-of-evidence judgment of 

the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented 

in application of a low-dose extrapolation procedure and presented as the risk per (mg/kg)/day. 

The unit risk is the quantitative estimate in terms of either risk per pg/L drinking water or risk per 

, ~ g / m ~  air breathed. The third form in which risk is presented is drinking water or air 

concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The Carcinogenicity 

Background Document provides details on the carcinogenicity values found in IRIS. Users are 

referred to the Oral Reference Dose and RC sections for information on long-term toxic effects 

other than carcinogenicity. 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene 32 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 
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application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et aI., 1986). 

10.10.10.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposure. Tables 10.10.10.8 and 10.10.10.9 

present the computed carcinogenic risks andlor WQs associated with the incidental ingestion of and 

dermal contact with site surface soils, respectively. 

Hypothelieu1 Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined 

SWMU 83 surface soils is 3E-4. The dermal pathway ILCR is 1E-4. Arsenic and BEQs were the 

primary contributors to both the ingestion and dermal pathway. 

The computed HIS for the adult resident was 0.1 for the soil ingestion pathway and 0.03 for the 

dermal contact pathway. The computed HIS for the child ingestion and dermal contact pathways 

were 1 and 0.1, respectively. The primary contributors to cumulative HI projections are 

antimony, arsenic, and copper. 
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Hypothetical Site Workers 1 

Site worker ILCRs are 3E-5 and 4E-5 for the ingestion and dermal contact pathways, respectively. 2 

Arsenic and BEQs were the primary contributors for each pathway. HIS for the ingestion and 3 

dermal pathways were both projected to be 0.05 and 0.02 for the hypothetical site worker 4 

scenario. s 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 

results of the first-quarter sampling event. The ingestion exposure pathway was evaluated 

assuming the site groundwater will be used for potable andlor domestic purposes and that an 

unfiltered well, drawing from the corresponding water bearing zone, will be instaIled. For 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed for 

the more sensitive child receptors. Since no VOCs were identified as COPCs at combined 

SWMU 83, the inhalation pathway was not considered. 

Future Site Residents 

As mentioned in Section 10.10.10.2, the COPCs identified in combined SWMU 83 monitoring 

wells sampled during the first-quarter include arsenic and manganese (deep groundwater only). 

Table 10.10.10.10 presents the point risk and hazard associated with the COPCs identified for 

combined SWMU 83 groundwater. Concentrations arsenic in groundwater sampled from four 

monitoring wells (NBCE083001, NBCE083002, NBCEO84002, and NBCE57401D) equate with 

HIS ranging from two to 14, and risk estimates ranging from 2E-04 to 2E-03. Manganese in the 

groundwater sampled from monitoring well (NBCE57401D) equates with a HI estimate of nine. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for combined SWMU 83 or 

other areas of Zone E. In the absence of a completed exposure pathway, no threat to human 

health is posed by reported shallow groundwater contamination. 
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Lead Toxicity 

Background 

Currently, USEPA has not established an oral SF or reference dose for lead. USEPA believes that 

the available studies in animals and humans do not provide sufficient quantitative information for 

their calculation. Although lead is currently classified as a B2 carcinogen, USEPA considers the 

noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 

establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic low- 

level lead exposure in children may occur at blood levels as low as 10 pg/dL. 

In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment sanctions 

the use of the Lead UptakeIBiokinetics Model (Version 0.99d) (Lead Model) to predict mean 

blood lead levels in children based on exposure to impacted environmental media. An alternative 

assessment was also provided using USEPA's Interim Approach to Assessing Risk Associated with 

Adult Exposures ro Lead in Soil (December 1996) (Adult Lead Model) to evaluate health impact 

of lead under the more likely future industrial scenario. These models were used to assess the 

potential health effects of elevated lead levels reported in surface soil at combined SWMU 83. 

Future Residential Scenario 

The Lead Model default concentrations are used for exposure to air (0.1 Pb grams per cubic meter 

[g/m3]), drinking water (4pg/L), and maternal blood lead level (2.5 Pb per pg/dL). In the case of 

combined SWMU 83 surface soil, the 95% UCL (892 mglkg) was used as the Lead model input 

for soil and house dust. The Lead Model was run for a child ages 0-7 years using the inputs listed 

above. Table 10.10.10.1 1 summarizes the lead model results under these exposure conditions. 

Figure 10.10.4 shows the probability percentage of blood lead levels for a child 0 to 7 years old. 

Based on the model output the geometric mean blood concentrations is estimated to be 9.9 ,ugldL, 

and the probabiIity of blood lead concentration exceeding 10 pgldL is 45 %. USEPA generally 
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considers that media concentrations resulting in probability percentage estimates of 5% or less 

sufficiently protect potential child receptors. As a result, surface soil lead would require 

corrective action under this hypothetical exposure scenario. 

Current Commercial/industrial 

USEPA Region IV has developed an interim approach for assessing risk due to adult exposures 

to Iead in soil. The Adult Lead Model considers a woman of child-bearing age and sets a maternal 

blood lead level which is protective of a developing fetus. This model was used to evaluate the 

significance of lead in soil at combined SWMU 83 Using the default model parameters and the 

95 % UCL soil lead concentration produces central estimate of blood lead concentrations in women 

of child-bearing age of 2.3 pg/dL. The target maternal blood lead Ievel below which is considered 

protective of a developing fetus is 3.3 pgIdL. As a result, surface soil lead at combined 

SWMU 83 would not require specific action under this hypothetical exposure scenario. 

Future CornrnerciaE/industntnaE Scenario 

In coordination with USEPA Region IV's Office of Health Assessment, a conservative exposure 

scenario was developed to assess the significance of surface soil lead concentrations at combined 

SWMU 83 under an future industrial scenario. This scenario involves a child (age 5 to 6) who 

gains access to the contaminated site for one day and is exposed. The scenario was based on the 

proposed future use of this area. Base reuse plans indicate that the area will maintain its current 

industrial use. The exposure frequency was based on the child accompanying a parent to work 

at a nearby building on a one-time basis and wandering into the area of contaminated soil. 

Exposure to site soil was addressed as an additional exposure relative to typical exposures 

encountered at the child's place of residence. This additional exposure was presented as an 

alternate source within the constructs of the Lead Model. The only modification made to standard 

default assumptions in the lead model was raising the drinking water Iead concentration to the 
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TTAL of 15 pglL. This change was made to provide a conservative estimate of daily intake from 

sources unrelated to combined SWMU 83. 

The assumption was made that this child would ingest 0.1 grams of soil from the contaminated 

area, which is represented by the 95 % UCL lead concentration (892 mg/kg). Within the Lead 

ModeI, an alternate source was entered to account for exposure to site soil as previously discussed. 

The bioavailability of lead ingested from the alternate source (combined SWMU 83 surface soil) 

was equal to that of lead ingested through soil ingestion from the standard residential default 

source. The annual alternate source exposure was estimated to be 0.244 pg leadlday. 

Table 10.10.10.12 summarizes the lead model results under these exposure conditions. 

Figure 10.10.5 shows the probability percentage of blood lead levels for a child 5 to 6 years old. 

Based on this model output, the geometric mean blood level is estimated to be 3 pg/dL, and 

the probability of blood lead levels in excess of 10 pg/dL is 0.46%. USEPA generally considers 

media concentrations that result in probability percentage estimates of 5% or less sufficiently 

protective of potentiaI child receptors. As a result, surface soil Iead at combined SWMU 83 would 

not require specific action under this hypothetical future exposure scenario. 

Current exposure to child receptors is highly unlikely at combined SWMU 83 due to the 

industrialized nature of the area. Current exposure to site workers is highly limited since most 

of the site currently covered with either concrete or asphalt. 

COCs Identified 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 

for this site on a medium-specific basis. USEPA has established a generally acceptable risk range 

of 1E-4 to 1E-6, and a HI threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 

considered to be any chemical contributing to a cumulative risk level of 1E-6 or greater andlor a 
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cumulative HI above 1 .O, and whose individual ILCR exceeds 1E-6 or whose hazard quotient 1 

exceeds 0.1. For carcinogens, this approach is relatively conservative, because accumulative risk 2 

level of 1E-4 (and individual ILCR of 1E-6) is recommended by USEPA Region IV as the trigger 3 

for establishing COCs. The COC selection method presented was used in order to provide a more 4 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard 5 

during the remedial goal options development process. Table 10.10.10.13 presents the COCs 6 

identified for combined SWMU 83 surface soil. 7 

Surface Soils 8 

Future Site Residents 9 

Arsenic and BEQs were identified as the soil pathway COCs based on their contribution to lo 

cumulative ILCR projections. Antimony, arsenic, and copper were identified as soil pathway I I 

COCs based on their contribution to cumulative HI projections. Lead was identified as a COC 12 

based on blood lead level projections above 10 ygldL for a 0-7 year old child. 13 

Future Site Workers 14 

Arsenic and BEQs were identified as the soil pathway COCs based on their contribution to is 

cumulative ILCR projections. 16 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 

reported concentration for each COC identified above. Antimony was detected above its 

residential RBC in 7 of 27 surface soil samples. Arsenic was detected above its residential RBC 

in 26 of 27 surface soil samples, however, it was only detected in one sample (084S3007) above 

its background RC. Copper was detected above its residential RBC in 11 of 27 surface soil 

samples; its mean detected concentration (355 rng/kg) was only slightly above its RBC 

(310 mglkg). Lead was detected above its residential RBC in 7 of 27 surface soil samples. BEQs 
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were detected above the residential M C  in 19 of 27 surface soil samples collected for combined 

SWMU 83. 

First-Quarter Groundwater 

Groundwater COCs have not been formally identified for combined SWMU 83, however, remedial 

goal options for all of the Zone E groundwater COPCs can be found in Section 7,  Table 7.3.3. 

Future Site Residents 

Concentrations of arsenic and manganese contributed to elevated risk and/or HI in four of the eight 

combined SWMU 83 monitoring wells (both shallow and deep). 

10.10.10.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial/industrial use of 

Zone E, specifically as a marine cargo terminal and drydocking facility. If this area were to be 

used as a residential site, the buildings and other structures would be demolished, and the surface 

soil conditions would likely change - the soils could be covered with landscaping soil and/or a 

house. Consequently, exposure to surface soil conditions as represented by samples collected 

during the RFI would not be likely under a true future residential scenario. These factors indicate 

that exposure pathways assessed in this HHRA would generally overestimate the risk and hazard 

posed to current site workers and future site residents. 
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Groundwater is not currently used at combined SWMU 83 for potable or industrial purposes. A 

basewide system provides drinking and process water to buildings throughout Zone E. This 

system is slated to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

scenario established to project risWhazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrations 

With the exception of copper, the 95 % UCL soil concentrations were used as the exposure point 

concentrations for COPCs identified at this site. Use of UCL concentrations represents a 

conservative assumption when applied as the EPC such that it is unlikely for the true mean 

concentration of a constituent to exceed these levels. The maximum concentration of copper 

served at its EPC since its 95% UCL exceeded its maximum concentration. Groundwater 

risklhazard was calculated for each monitoring well using the concentration of each COPC as an 

EPC. Calculating risk/hazard for each monitoring well location eases any potential bias due to 

sampling goals based on identifying "clean" areas of the underlying aquifer. 

Frequency of Detection and Spatial Distribution 

Arsenic was detected at concentrations above its RBC in 26 of 27 surface soil samples, however, 

it was only detected once at a concentration above its background reference. Antimony (7 of 27) 

and copper (1 1 of 27) were detected above their RBCs in less than half of the samples. BEQ 

compounds were detected above RBCs in 19 of 27 surface soil samples; however, background 

levels of BEQs at NAVBASE have also exceeded RBCs. Additionally, many of the soil sample 

locations were situated underneath asphalt, which may explain the presence of this group of 

constituents. 
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Arsenic and manganese contributed to elevated risWhazard estimates for the groundwater pathway. 

Arsenic was detected above its background RCs in two shallow and one deep groundwater samples 

out of eight first-quarter samples analyzed. Manganese was only detected in one first-quarter deep 

groundwater sample at a concentration above its background RC. 

Quantification of RiskIHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would positively bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

A conservative screening process was used to identify COPCs for combined SWMU 83. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 

of a significant contribution to risklhazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, none was reported at a concentration close to its RBC 

(e.g. within 10% of its RBC). 

Groundwater 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at a concentrations close to 

its RBC. 
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Thallium was reported in the second, third, and fourth quarter groundwater sample from 

monitoring weHs NBCE083001 (fourth), NBCE084002 (third), NBCE574001 (second), and 

NBCE57401D (second and fourth) at concentrations ranging from 3.4 to 8.3 pg/L which is higher 

than the thallium MCL. Thallium was not detected in any of the first-quarter groundwater samples 

and was therefore not considered in the groundwater FRE for combined SWMU 83. As a result, 

risk projections may have been underestimated with respect to thallium in groundwater. The 

maximum reported thallium concentration would equate with a hazard quotient of 6. 

Groundwater is not currently used as a potable water source at combined SWMU 83, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

Background-related Risk 

Beryllium and chromium (assumed to be hexavalent) were detected in combined SWMU 83 

surface soil at concentrations above their RBCs and manganese was detected at concentrations in 

combined SWMU 83 shallow groundwater above its RBC. These elements were eliminated from 

consideration in the risk assessment based on comparison to background concentrations. It is not 

unusual for naturally occurring or background concentrations of some elements to exceed RBCs. 

It is the risk assessment's function to identify excess risk andlor hazard, or that which is above 

background levels. The following is a discussion of the residential scenario risWhazard associated 

with background concentrations of these elements. 

The maximum surface soil concentrations of beryllium (0.76 mglkg) and chromium (39.6 mglkg) 

for combined SWMU 83 equate with a risk of 6E-06 and a hazard quotient of 0.1, respectively. 
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The Zone E background surface soil concentration for beryllium (1.7 mglkg) equates with a risk 

of 1E-05 and the Zone E background concentration of chromium (94.6 mglkg) equates with a 

hazard quotient of 0.3. 

The maximum shallow groundwater manganese concentration for combined SWMU 83 (383 ,ug/L) 

equates with a hazard quotient of 1 ; however, the Zone E background concentration of manganese 

in shallow groundwater (2,560 pglL) equates with a hazard quotient of 7. 

10.10.10.7 Risk Summary 

The risk and hazard posed by contaminants at combined SWMU 83 were assessed for the future 

site worker and the future site resident under reasonable maximum exposure assumptions. In 

surface soils, the incidental ingestion and dermal contact pathways were assessed in this HHRA. 

The groundwater FRE was based on ingestion of shallow groundwater represented by first-quarter 

groundwater data. Table 10.10.10.14 presents the risk summary for each soil pathwaylreceptor 

group evaluated for combined SWMU 83. 

Soil - Residential Scenario 

Residential soil pathway COCs identified for combined SWMU 83 include antimony, arsenic, 

copper, and BEQs. Figures 10.10.6 and 10.10.7 illustrate point risk and HIS for combined 

SWMU 83 surface soil exposure by potential future site residents. Table 10.10.10.15 summarizes 

the risk and hazard contribution of each COPC at each sample location. This point risk map is 

based on the unlikely assumption that a potential future site resident will be chronically exposed 

to specific points. Exposure to surface soil conditions is more likely the result of uniform 

exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 

With this in mind, risk maps supplemented by the tables are useful in that they aHow the reader 

to visualize how chemicals driving risk estimates are spatially distributed across the site. 
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Arsenic and BEQs both of which were identified as COCs in the formal risk assessment, 

contribute to risk estimate above 1E-06 at all sample locations. Risks estimates ranged from 2E-06 

(084SB002) to 5E-04 (574SB005). HIS exceed unity at five sample locations, 084SB007, 

574SB002, 574SB003, 574SB005, and 574SB007, driven mostly by antimony, arsenic, and 

copper. 

Soil - Site Worker Scenario 

Site worker soil pathway COCs identified for combined SWMU 83 include arsenic and BEQs. 

Figure 10.10.8 illustrates point risk estimates for combined SWMU 83 surface soil exposure by 

potential future site workers. Table 10.10.10.16 summarize the risk and hazard contribution of 

each COPC at each sample location. As shown in Figure 10.10.8, the distribution of risk due to 

arsenic and BEQ compounds in soil is similar to the residential scenario with risks ranging from 

3E-07 (084SB002) to 1E-04 (574SB005). HIS for the site worker scenario do not exceed unity at 

any sample location. 

Groundwater - Residential Scenario 

As shown in Table 10.10.10.10 and on Figures 10.10.9 and 10.10.10, concentrations of arsenic 

in groundwater sampled from four monitoring wells (NBCE083001, NBCE083002, NBCE084002 

and NBCE57401D) equate with Hls ranging from two to 14, and risk estimates ranging from 

2E-04 to 2E-03. Concentrations of manganese in groundwater sampled from one monitoring wells 

(NBCE57401D) equate with a hazard quotient of nine. 

Lead Summary 

The maximum surface soil lead concentration reported was 1,400 mg/kg at location 083SBOIO. 

Lead was not detected in shallow or deep groundwater through four quarters of sampling. 

Figure 10.10.11 shows the distribution of lead concentrations at combined SWMU 83 soil. Lead 

was detected in all 27 surface soil samples and exceeded the residential cleanup leveI of 400 mg/kg 
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at 7 of 27 locations mainly at SWMU 84 and AOC 574. A soil cleanuplscreening level for lead 

of 1,300 mglkg was calculated for the Zone H RFI using the Adult Lead Model. One surface soil 

samples collected just to the south of SWMU 83 had lead concentrations which exceed 

1,300 rnglkg. The mean surface soil concentration for combined SWMU 83 (231 rnglkg) falls 

below the USEPA both the child and adult cleanuplscreening levels; although the levels within 

localized area if SWMU 84 and AOC 574 exceed this value. 

10.10.10.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighted average site resident or site worker as 

presented in Table 10.10.10.17 for surface soils. Hazard-based RGOs were calculated based on 

the hypothetical child resident or site worker, as noted in the table. 

Groundwater 

Groundwater RGOs based on the generic site resident and site worker scenarios and are shown 

in Tables 7.3.3  and 7.3.4, respectively. 
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Table 10.10.70.3 
Exposure Pathways Summary - SWMUs 83,84; AOC 574 

NAVBASE - Zone E 
Charleston, South Carolina 

Potentially Pathway 
Exposed Medium and Selected for 

ure Pathwav Fv-on? on for W c t l o n  o r  F- 

Current Land Uses 

Current Site Air, Inhalation of N o Fate and transport screening did not 
UserslMaintenance gaseous contaminants identify any COPCs for this lndirect 

emanating from soil exposure pathway. 

Arr, Inhalation of No This exposure pathway was considered 
chemicals entrained rn insignificant compared to the other 
fugitive dust pathways. 

Shallow groundwater, No Shallow groundwater is not currently 
Ingestion of used as a source of potable or non- 
contam~nants during residential water at combined SWMU 83. 
potable or general use 

Shallow groundwater, N o Shallow groundwater is not currently 
Inhalation of volatilized used as a source of potable or non- 
shallow groundwater residential water at combined SWMU 83 
contaminants 

Soil, Incidental No (Qualified) Future land use assessment is 
ingestion considered to be protect~ve of current 

receptors. 

Soil, Dermal contact No (Qualified) Future land use assessment is 
considered to be protective of current 
receptors. 

Future Land Uses 

Future Site Air, Inhalation of No Fate and transport screening did not 
Residents (Child gaseous contaminants identify any COPCs for this indirect 
and Adult) and emanating from soil exposure pathway. 
Future Site Worker 

Arr, lnhalatlon of 
chem~cals entrained rn 
fugltlve dust 

Shallow groundwater, 
lngestlon of 
contamrnants during 
potable or general use 

Shallow groundwater, 
lnhalation of volatilized 
contaminants during 
domestrc use 

No 

Yes 

Yes 

This exposure pathway was considered 
in a separate sect~on relative to Industrial 
hygiene sampling in Building 9. 

Shallow groundwater is not likely to be 
used as a source of potable or non- 
residential water at combined SWMU 83 
A FRE was provided for this pathway for 
use In remedial decisions 

Volatile COPCs were not ident~fied 
subsequent to risk-based screening 
comparisons. 

COPCs were identified subsequent to 
risk-based and background screening 
comparisons. 



Table 10.10.10.3 
Exposure Pathways Summary - SWMUs 83,84; AOC 574 

NAVBASE - Zone E 
Charleston, South Carolina 

Potentially Pathway 
Exposed Medium and Selected for 

FvaluUn? 

Soil, Dermal contact Yes COPCs were identified subsequent to 
risk-based and background screening 
comparisons. 

Wild game or No Huntingltaking of game andfor raising 
domestic anlmals, livestock is prohibited within the 
lngest~on of tissue Charleston, South Carolina city limits. 
impacted by media 
contam~nation 

Fruits and vegetables, N o The potential for significant exposure via 
Ingestion of plant this pathway is low relative to that of 
tissues grown in other exposure pathways assessed. 
media 



Table 10.10.10.4 
Summary of Statistical Analysis 

Surface Soil COPCs; SWMUs 83,84; AOC 574 
Naval Base Charleston, Zone E 

Charleston, South Carolina 

Natural Log Transformed UCL MAX EPC 
COPC n mean SD H-stat (rnglkg) (mglkq) (mqlkq) 

Inorganic 
Antimony (Sb) 
Arsenic (As) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

2 7 0.07 1.41 3.04 7 11 7 UCL 
27 1.35 0.99 2.46 10 25 10 UCL 
27 4.66 1.97 3.89 3293.64 1260 1260.00 MAX 
27 4.44 1.61 3.34 892 1400 892 UCL 
27 4.54 0.81 2.26 187 44 2 187 UCL 
27 -2.61 1.76 3.57 1 19.4 1 UCL 
27 -1.08 0.57 2.01 1 2.8 1 UCL 

Semivolatile Organic Compounds 
Benzo(a)pyrene equivalents 2 7 6.72 1.89 3.77 19.86 28.991 19.86 UCL 

Notes: 
n - Number of samples analyzed 
mean - Arithmetic mean of the logtransformed data 
SD - Standard deviation for a sample of data 
H-stat -"H" statistic from Gilbert 1987; 
cuboidal interpolation was used to 
NA - Not applicable 
EPC - Exposure point concentration 
UCL - 95 percentile upper confidence level mean 
MAX - Maximum reported concentration 
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Table 10.10.10.10 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard index % HI 
574 GO1 D Arsenic (As) 67.50 UGIL 1505.8708 100.00 14.3836 60.49 
574 GO1 D Manganese (Mn) 3380.00 UGlL NA 9.3945 39.51 

Tota I 1505.8708 23.7780 

083 GO01 Arsenic (As) 
Total 

18.90 UGIL 421.6438 100.00 4.0274 100.00 
421.6438 4.0274 

083 GO02 Arsenic (As) 7.70 UGIL 171.7808 100.00 1.6408 100.00 
Total 171.7808 1.6408 

084 GO01 Arsenic (As) 
Total 

084 GO02 Arsenic (As) 
Tota t 

574 GO01 Arsenic (As) 
Total 

574 GO02 Arsenic (As) 
Total 

574 GO03 Arsenic (As) 

ND UGlL NA N A 
NA N A 

36.90 UGIL 823.2094 100.00 7.8630 100.00 
823.2094 7.8630 

ND UGIL NA NA 
NA NA 

ND UGIL NA NA 
NA NA 

ND UGIL NA NA 
N A N A 



Table 10.~0.10.11 
Summary of Lead Model Results - future Residential Scenario 

SWMUs 83,84; AOC 574 
NAVBASE - Charleston, Zone E 

Charleston, South Carolina 
LEAD MODEL Version 0.99d 
AIR CONCENTRATION: 0.100 ug Pblm3 DEFAULT 
Indoor AIR Pb Conc: 30.0 percent of outdoor. 
Other AIR Parameters: 

Time Outdoors (hr) 
1 .o 
2.0 
3.0 
4.0 
4.0 
4.0 
4 .O 

Vent. Rate (m3ldav) 
2.0 
3.0 
5.0 
5.0 
5.0 
7.0 
7 .O 

DIET: DEFAULT 
DRINKING WATER Conc: 4.00 ug PbIL DEFAULT 
WATER Consumption: DEFAULT 
SOIL & DUST: 

Soil: constant conc. 
Dust: constant conc. 

Soil (ua Pblal House Dust (ua Pblq) 
0- 1 892.0 892.0 
1-2 892.0 892.0 
2-3 892.0 892.0 
3-4 892.0 892.0 
4-5 892.0 892.0 
5-6 892.0 892.0 
6- 7 892.0 892.0 

Additional Dust Sources: None DEFAULT 
Alternative Source Intake: 0.00 ug Pblday DEFAULT 
MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Conc: 2.50 ug PbldL 

CALCULATED BLOOD Pb and Pb UPTAKES: 

Luna Abs. (%I 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

Blood Level Total 
YEAR (urrldL) (ualdav) 
0.5-1: 10.7 20.41 
1-2: 12.33 0.40 
2-3: 11.63 1.73 
3-4: 11.23 2.63 
4-51 9.42 6.66 
5-61 7.92 5.19 
6-7: 7.12 4.64 

Soil+Dust Diet 
(ualdav) (ualdav) 

17.90 2.18 
27.41 2.19 
28.31 2.54 
29.1 9 2.52 
23.06 2.59 
21.27 2.80 
20.36 3.13 

Water Alt. Source 
(ualdav) jualdav) 

0.31 0.00 
0.76 0.00 
0.82 0.00 
0.86 0.00 
0.95 0.00 
1.02 0.00 
1.06 0.00 

Air 
(uuldav) 

0.02 
0.03 
0.06 
0.07 
0.07 
0.09 
0.09 



Table 10.10.10.12 
Summary of Lead Model Results - Future Industrial Scenario 

SWMUs 83,84; AOC 574 
NAVBASE - Charleston, Zone E 

Charleston, South Carolina 

LEAD MODEL Version 0.99d 
AIR CONCENTRATION: 0.100 ug Pblm3 DEFAULT 
Indoor AIR Pb Conc: 30.0 percent of outdoor. 
Other AIR Parameters: 

& Time Outdoors (hr) Vent. Rate Im3/dav\ Luna Abs. (Yd 
0- 1 1.0 2.0 32.0 
1-2 2.0 3.0 32.0 
2-3 3.0 5 .O 32 .O 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6- 7 4.0 7.0 32.0 

DIET: DEFAULT 
DRINKING WATER Conc: 4.00 ug PblL DEFAULT 
WATER Consumption: DEFAULT 
SOIL & DUST: 
Soil: constant conc. 
Dust: constant conc. 

A&@ Soil h a  Pbl* House Dust (ua Pbla  
0- 1 200.0 200.0 
1-2 200.0 200.0 
2-3 200.0 200.0 
3-4 200.0 200.0 
4-5 200.0 200.0 
5-6 200.0 200.0 
6-7 200.0 200.0 

Additional Dust Sources: None DEFAULT 
PAINT Intake: varied by year as follows: 

0-1: 0.00 ug Pblday 
1-2: 0.00 ug Pbtday 
2-3: 0.00 ug Pbfday 
3-4: 0.00 ug Pblday 
4-51 0.00 ug Pbtday 
5-6: 0.24 ug Pb/day 
6-7: 0.00 ug Pblday 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Conc: 2.50 ug PbtdL 
CALCULATED BLOOD Pb and Pb UPTAKES: 

Blood Level Total Sotl+Dust Diet Water Att. Source Air 
YEAR (ua/dtJ lualdav] (ua/davl (ua/dav) jualdavl (ualdav) -1 
0.5-1 : 4.1 7.60 4.68 2.54 0.37 0.00 0.02 
1-2: 4.5 10.93 7.36 2.63 0.91 0.00 0.03 
2-3: 4.2 11.44 7.44 2.98 0.96 0.00 0.06 
3-4: 4.0 11.48 7.53 2.90 0.99 0.00 0.07 
4-5: 3.4 9.65 5.69 2.85 1.04 0.00 0.07 
5-6: 3.0 9.46 5.16 3.03 1.11 0.07 0.09 
6-7: 2.7 9.47 4.89 3.36 1.13 0.00 0.09 
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Table 10.10.10.14 
Summary of Risk and Hazard 

SWMUs 83,84; AOC 574 
Naval Base Charleston, Zone E 

Charleston, South Carolina 

Exposure HI Hi ILCR HI ILCR 
Medium Pathway (Adult) (Child) (LWA) (Worker) (Worker) 
Surface Soil Incidental 0.13 1.23 2.51E-04 0.05 2.80E-05 

Ingestion 

Dermal Contact 0.03 0.09 1.05E-04 0.02 4.26E-05 

Sum of Soil Pathways 0.16 1.31 3.55E-04 0.07 7.06E-05 
Groundwater Mean* NA 5.00 4.00E-04 N A NA 

Maximum NA 24.00 2.00E-03 NA NA 

Notes: 
ILCR - Indicates incremental lifetime cancer risk 
HI - Indicates hazard index 

Arithmetic mean calculated assuming a deminimus risk of 1E-07 and a deminimus hazard index of 0.01 
for sample locations with no contributing COPCs 



Table 10.1 0.10.15 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (EO6) % Risk Hazard Index % Hf 
083 BOO1 Antimonv (Sbl ND MGIKG NA N A - .  , 
083 BOOl Arsenic (As) 
083 BOO1 B(a)P Equiv. 
083 BOOl Copper (Cu) 
083 BOOl Lead (Pb) 
083 8001 Manganese (Mn) 
083 BOOl Mercury (Hg) 
083 BOOl Thallium (TI) 

Total 

2.5 MGIKG 6.5300 
1289.38 UGlKG 21.3525 

107 MGIKG NA 
30.2 MGIKG NA 
75.2 MGtKG NA 
0.1 1 MGIKG NA 
ND MGIKG N A 

27.8825 

083 8002 Antimony (Sb) ND MGlKG NA NA 
083 8002 Arsenic (As) 1.9 MGIKG 4.9628 100.00 0.0868 52.29 
083 BOO2 B(a)P Equiv. ND UG/KG NA NA 
083 BOO2 Copper (Cu) 136 MGIKG NA 0.0466 28.07 
083 8002 Lead (Pb) 49.6 MGIKG NA NA 
083 8002 Manganese (Mn) 104 MGIKG NA 0.0303 18.27 
083 BOO2 Mercury (Hg) 0.05 MGtKG NA 0.0023 1.38 
083 BOO2 Thallium (TI) ND MGtKG NA NA 

Total 4.9628 0.1661 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium fTI> 

ND MGtKG 
2.8 MGIKG 
ND UGIKG 

5 MGIKG 
25.3 MGIKG 
53.6 MGlKG 
ND MGIKG 
ND MGIKG 

083 8004 Antimony (Sb) ND MGtKG NA N A 
083 8004 Arsenic (As) 2.7 MGIKG 7.0524 71.47 0.1234 90.54 
083 6004 B(a)P Equiv. 170 UGIKG 2.8153 28.53 NA 
083 8004 Copper (Cu) 18.3 MGIKG N A 0.0063 4.60 
083 8004 Lead (Pb) 22.7 MGlKG NA NA 
083 8004 Manganese (Mn) 22.7 MGlKG NA 0.0066 4.86 
083 BOO4 Mercury (Hg) ND MGtKG NA NA 
083 BOO4 Thallium (TI) ND MGlKG NA NA 

Tota t 9.8677 0.1 363 

083 BOO5 Antimony (Sb) ND MGIKG NA NA 
083 8005 Arsenic (As) 1.3 MGIKG 3.3956 38.49 0.0594 39.23 
083 6005 B(a)P Equiv. 327.64 UGtKG 5.4258 61.51 NA 



Table 10.10.10.15 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASECharleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
083 BOO5 Copper (Cu) 142 MGIKG N A 0.0487 32.14 
083 BOO5 Lead (Pb) 40.1 MGIKG N A NA 
083 8005 Manganese (Mn) 144 MGIKG NA 0.0420 27.73 
083 BOO5 Mercury (Hg) 0.03 MGIKG NA 0.0014 0.91 
083 8005 Thallium (TI) ND MGIKG NA NA 

Total 8.821 4 0.1515 

083 8006 Antimony (Sb) ND MGlKG NA NA 
083 8006 Arsenic (As) 9.3 MGIKG 24.2916 25.52 0.4251 93.54 
083 8006 B(a)P Equiv. 4281 UGIKG 70.8947 74.48 NA 
083 8006 Copper (Cu) 8 MGlKG NA 0.0027 0.60 
083 BOO6 Lead (Pb) 9.6 MGlKG NA NA 
083 BOO6 Manganese (Mn) 86.6 MGIKG NA 0.0253 5.56 
083 8006 Mercury (Hg) 0.03 MGIKG NA 0.0014 0.30 
083 BOO6 Thallium (TI) ND MGIKG NA NA 

Total 95.1 863 0.4545 

083 BOO7 Antimony (Sb) 3.7 MGtKG N A 0.1268 36.09 
083 5007 Arsenic (As) 2.8 MGIKG 7.31 36 100.00 0.1280 36.41 
083 BOO7 B(a)P Equiv. ND UGIKG NA NA 
083 8007 Copper (Cu) 243 MGlKG NA 0.0833 23.70 
083 BOO7 Lead (Pb) 94.2 MGIKG NA NA 
083 BOO7 Manganese (Mn) 45.7 MGlKG NA 0.0133 3.79 
083 8007 Mercury (Hg) ND MGlKG NA NA 
083 BOO7 Thallium (TI) 

Total 

083 8008 Antimony (Sb) ND MGIKG NA N A 
083 8008 Arsenic (As) 1.3 MGIKG 3.3956 100.00 0.0594 74.76 
083 8008 B(a)P Equiv. ND UGIKG NA NA 
083 BOO8 Copper (Cu) 22.7 MGIKG N A 0.0078 9.79 
083 8008 Lead (Pb) 11.8 MGlKG NA NA 
083 8008 Manganese (Mn) 42.1 MGlKG NA 0.0123 15.45 
083 BOO8 Mercury (Hg) ND MGIKG NA NA 
083 BOO8 Thallium (TI) ND MGIKG NA NA 

Total 3.3956 0.0795 

083 BOlO Antimony (Sb) ND MGIKG NA NA 
083 8010 Arsenic (As) 5.4 MGIKG 14.1048 35.86 0.2468 27.37 
083 BOA0 B(a)P Equiv. 1523.3 UGIKG 25.2263 64.14 NA 
083 8010 Copper (CU) 439 MGlKG N A 0.1505 16.69 
083 0010 Lead (Pb) 1400 MGIKG NA NA 
083 BOlO Manganese (Mn) 117 MGIKG NA 0.0341 3.78 



Table 10.10.1 0.15 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 841AOC 574 

NAVBASE-Charleston 
Charleston. South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
083 €3010 Mercury (Hg) 0.09 MGIKG NA 0.0041 0.46 
083 6010 Thallium (TI) ND MGIKG NA NA 

Total 39.331 1 0.4356 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium TTI) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

Total 

0.59 MGlKG 
2.2 MG/KG 

5904.3 UGlKG 
16.3 MGIKG 
89.9 MGIKG 
138 MGIKG 

0.04 MGIKG 
ND MGlKG 

ND MGIKG 
0.87 MGIKG 
ND UGlKG 
4.2 MGIKG 
8.7 MGIKG 

22.5 MGIKG 
ND MGlKG 
ND MGlKG 

2.1 MGIKG NA 0.0720 10.88 
6.8 MGIKG 17.7616 27.53 0.3108 46.98 

2823.8 UGIKG 46.7630 72.47 NA 
332 MGIKG NA 0.1138 17.20 
408 MG/KG N A NA 
192 MG/KG NA 0.0560 8.47 

0.17 MGIKG NA 0.0078 1.17 
0.59 MGlKG NA 0.1011 15.29 

64.5246 0.661 5 

1.6 MGIKG NA 
6.2 MGlKG 16.1944 

15629 UGtKG 258.821 1 
476 MGIKG NA 
31 7 MGIKG NA 
126 MGIKG NA 
0.3 MG/KG NA 
ND MG/KG NA 

275.01 55 



Table 10.10.1 0.15 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 

084 BOO5 Antimony (Sb) 0.6 MGIKG NA 0.0206 5.27 
084 8005 Arsenic (As) 5.9 MGIKG 15.4108 14.49 0.2697 69.11 
084 BOO5 B(a)PEquiv. 5491.3 UGIKG 90.9376 85.51 NA 
084 BOO5 Copper (Cu) 90.4 MGIKG NA 0.0310 7.94 
084 8005 Lead (Pb) 281 MGIKG NA NA 
084 8005 Manganese (Mn) 216 MGIKG NA 0.0630 16.15 
084 BOO5 Mercury (Hg) 0.13 MGIKG NA 0.0059 1.52 
084 6005 Thallium (TI) 

Total 
ND MGIKG NA NA 

106.3485 0.3902 

084 BOO6 Antimony (Sb) ND MGIKG NA NA 
084 5006 Arsenic (As) ND MGIKG NA NA 
084 BOO6 B(a)P Equiv. 541.22 UGIKG 8.9628 100.00 NA 
084 BOO6 Copper (Cu) 6.9 MGtKG N A 0.0024 20.84 
084 8006 Lead (Pb) 2.9 MGIKG N A NA 
084 8006 Manganese(Mn) 30.8 MGIKG N A 0.0090 79.16 
084 8006 Mercury (Hg) ND MGIKG NA NA 
084 8006 Thallium (TI) 

Total 
ND MGIKG NA NA 

8.9628 0.01 14 

084 BOO7 Antimony (Sb) 10.7 MGlKG NA 0.3668 19.1 1 
084 BOO7 Arsenic (As) 25 MGIKG 65.3000 65.57 1 .I427 59.54 
084 BOO7 B(a)P Equiv. 2070.2 UGlKG 34.2832 34.43 NA 
084 8007 Copper (Cu) 942 MGIKG NA 0.3229 16.83 
084 8007 Lead (Pb) 644 MGIKG NA N A 
084 8007 Manganese (Mn) 109 MGIKG NA 0.0318 1.66 
084 8007 Mercury (Hg) 1.2 MGIKG NA 0.0548 2.86 
084 8007 Thallium (TI) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

Total 

ND MGIKG NA NA 
99.5832 1.9191 

0.86 MGIKG 
4.8 MGIKG 

787.74 UGIKG 
9.1 MGIKG 

12.7 MGIKG 
27 MG/KG 

0.05 MGIKG 
ND MGlKG 

084 8009 Antimony (Sb) ND MGlKG NA NA 
084 8009 Arsenic (As) 2.9 MGIKG 7.5748 100.00 0.1326 70.53 



Table 10.1 0.10.15 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 841AOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-OG) % Risk Hazard Index % HI 
084 BOO9 B(a)P Equiv. N D  UGIKG N A  NA 
084 BOO9 Copper (Cu) 10.1 MGlKG 
084 8009 Lead (Pb) 53.6 MGlKG 
084 BOO9 Manganese (Mn) 178 MGlKG 
084 6009 Mercury (Hg) N D  MGIKG - . -. 

084 BOO9 Thallium (TI) 
Total 

ND MGIKG NA NA 
7.5748 0. I 879 

574 BOO1 Antimony (Sb) ND MGIKG NA N A  
574 BOO1 Arsenic (As) 3.2 MGIKG 8.3584 10.05 0.1463 25.15 
574 BOO1 B(a)P Equiv. 4517 UGIKG 74.8029 89.95 N A 
574 BOO1 Copper (Cu) 1180 MGIKG NA 0.4045 69.56 
574 0001 Lead (Pb) 110 MGIKG N A NA 
574 BOO1 Manganese (Mn) 85 MGIKG NA 0.0248 4.26 
574 BOO1 Mercury (Hg) 0.13 MGIKG NA 0.0059 1.02 
574 BOO1 Thallium (TI) ND MGlKG NA NA 

Total 83.1613 0.5815 

574 BOO2 Antimony (Sb) 5 MG/KG NA 0.1714 11.19 
574 8002 Arsenic (As) 9.9 MGIKG 25.8588 64.12 0.4525 29.53 
574 8002 B(a)P Equiv. 873.66 UG/KG 14.4681 35.88 NA 
574 8002 Copper (Cu) 868 MGIKG N A  0.2976 19.42 
574 BOO2 Lead (Pb) 476 MGIKG N A  NA 
574 8002 Manganese (Mn) 441 MGIKG NA 0.1286 8.40 
574 BOO2 Mercury (Hg) 0.05 MGIKG NA 0.0023 0.1 5 
574 BOO2 Thallium (TI) 2.8 MGlKG N A 0.4799 31.32 

Total 40.3269 1.5323 

574 8003 Antimony (Sb) 9.1 MGIKG NA 0.3120 27.83 
574 BOO3 Arsenic (As) 6.7 MGIKG 17.5004 23.41 0.3062 27.32 
574 8003 B(a)PEquiv. 3458.2 UGIKG 57.2689 76.59 N A 
574 8003 Copper (Cu) 1260 MGIKG N A  0.4319 38.54 
574 8003 Lead (Pb) 438 MGIKG NA NA 
574 8003 Manganese (Mn) 183 MGlKG NA 0.0534 4.76 
574 8003 Mercury (Hg) 0.38 MGlKG NA 0.0174 1.55 
574 5003 Thallium (TI) ND MGIKG NA NA 

Total 74.7693 1 .A209 

574 BOO4 Antimony (Sb) 0.93 MGIKG NA 0.0319 12.73 
574 BOO4 Arsenic (As) 2.3 MGIKG 6.0076 100.00 0.1051 41.97 
574 BOO4 B(a)P Equiv. N D  UGIKG NA NA 
574 8004 Copper (Cu) 292 MGlKG NA 0.1001 39.96 
574 8004 Lead (Pb) 46.8 MG/KG N A  NA 



Table 10.1 0.10.15 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index O/O HI 
574 BOO4 Manganese (Mn) 33.4 MGlKG N A 0.0097 3.89 . . 

574 6004 ~ e r i u r ~  (Hg) 0.08 MGIKG N A 0.0037 1.46 
574 6004 Thallium (TI) 

Total 
ND MGlKG N A NA 

6.0076 0.2505 

574 8005 Antimony (Sb) 10.7 MGlKG NA 0.3668 16.04 
574 BOO5 Arsenic (As) 9.2MGlKG 24.0304 4.77 0.4205 18.39 
574 8005 B(a)P Equiv. 28991 UGlKG 480.1000 95.23 NA 
574 8005 Copper (Cu) 729 MG/KG NA 0.2499 10.93 
574 6005 Lead (Pb) 700 MGIKG NA N A 
574 6005 Manganese (Mn) 187 MGtKG NA 0.0546 2.39 
574 8005 Mercury (Hg) 19.4 MGIKG N A 0.8867 38.77 
574 BOO5 Thallium (TI) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

Total 

1.8 MGlKG NA 0.3085 13.49 
504.1304 2.2870 

2.9 MGlKG 
11.9 MGIKG 
86.3 UGIKG 
602 MG/KG 
128 MGIKG 

87.4 MGIKG 
0.13 MGIKG 
ND MGlKG 

574 8007 Antimony (Sb) 7.1 MGIKG NA 0.2434 15.19 
574 8007 Arsenic (As) 22.1 MGIKG 57.7252 61.40 1.0101 63.03 
574 6007 B(a)PEquiv. 2191.4 UGIKG 36.2903 38.60 NA 
574 6007 Copper (Cu) 631 MG/KG NA 0.2163 13.50 
574 6007 Lead (Pb) 280 MGIKG NA NA 
574 8007 Manganese (Mn) 400 MGIKG NA 0.1 167 7.28 
574 8007 Mercury (Hg) 0.35 MGlKG NA 0.0160 1.00 
574 BOO7 Thallium (TI) ND MGIKG NA NA 

Total 94.0155 1.6025 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium (TI) 

7.5 MGIKG 
6.2 MGIKG 

12438.4 UGIKG 
I000 MGIKG 
506 MGIKG 
130 MGIKG 

0.45 MGIKG 
ND MGlKG 



Table 10.'l0.10.15 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 83 and 84iAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
Total 222.1 782 0.9418 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Thallium mil 

0.6 MGIKG 
2.4 MGIKG 

94.699 UGIKG 
20.4 MGIKG 

41 MGIKG 
124 MGIKG 
ND MGIKG 
ND MGIKG 



Table 10.10.10.16 
Point Estimates of Risk and Hazard - Surface Soil 

Industrial Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
083 BOO1 Arsenic (As) 2.50 MG/KG 0.9238 17.54 0.0057 100.00 
083 BOO? B(a)P Equiv. 1289.38 UGlKG 4.3415 82.46 NA 
083 BOO1 Lead (Pb) 30.20 MGIKG N A NA 

Total 5.2653 0.0057 

083 8002 Arsenic (As) 1.90 MGIKG 0.7021 100.00 0.0044 100.00 
083 6002 B(a)P Equiv. ND UGiKG NA NA 
083 BOO2 Lead (Pb) 49.60 MGIKG NA NA 

Total 0.7021 0.0044 

083 8003 Arsenic (As) 2.80 MGIKG 1.0346 100.00 0.0064 100.00 
083 BOO3 B(a)P Equiv. NO UGlKG NA NA 
083 BOO3 Lead (Pb) 

Tota t 
25.30 MGIKG NA NA 

1.0346 0.0064 

083 BOO4 Arsenic (As) 2.70 MG/KG 0.9977 63.54 0.0062 100.00 
083 BOO4 B(a)P Equiv. 170.00 UG/KG 0.5724 36.46 NA 
083 BOO4 Lead (Pb) 22.70 MG/KG N A NA 

Total 1.5701 0.0062 

8005 Arsenic (As) 
8005 B(a)P Equiv. 
BOO5 Lead (Pb) 

Total 

6006 Arsenic (As) 
BOO6 B(a)P Equiv. 
8006 Lead (Pb) 

Total 

BOO7 Arsenic (As) 
6007 B(a)P Equiv. 
8007 Lead (Pb) 

Total 

BOO8 Arsenic (As) 
BOO8 B(a)P Equiv. 
8008 Lead (Pb) 

Total 

1.30 MG/KG 0.4804 30.33 0.0030 100.00 
327.64 UGIKG 1 .I032 69.67 NA 
40.10 MGlKG NA NA 

1.5836 0.0030 

9.30 MG/KG 3.4364 19.25 0.0214 100.00 
4281 .OO UGlKG 14.4147 80.75 NA 

9.60 MGIKG NA N A 
17.851 1 0.0214 

94.20 MGIKG NA NA 
1.0346 0.0064 

1.30 MGIKG 0.4804 100.00 0.0030 100.00 
ND UGIKG NA NA 

11.80 MG/KG NA NA 
0.4804 0.0030 



Table t0.10.10.16 
Point Estimates of Risk and Hazard - Surface Soil 

Industrial Scenario 
SWMUs 83 and 841AOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
083 601 0 Arsenic (As) 5.40 MGIKG 1.9953 28.01 0.0124 100.00 
083 6010 B(a)P Equiv. 1 523.30 UGIKG 5.1292 71.99 NA 
083 BOlO Lead (Pb) 1400.00 MGIKG NA NA 

Tota t 7.1245 0.0124 

084 BOO7 Arsenic (As) 2.20 MGIKG 0.8129 3.93 0.0051 100.00 
084 BOO1 B(a)P Equiv. 5904.30 UGIKG 19.8806 96.07 NA 
084 BOO1 Lead (Pb) 89.90 MGIKG N A NA 

Total 20.6935 0.0051 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

0.87 MGIKG 0.321 5 100.00 0.0020 100.00 
ND UGIKG NA NA 

8.70 MGIKG NA NA 
0.3215 0.0020 

6.80 MGIKG 2.5126 20.90 0.01 56 100.00 
2823.80 UG/KG 9.5081 79.10 N A 
408.00 MGIKG NA NA 

12.0208 0.0158 

6.20 MGlKG 2.2909 4.17 0.0143 100.00 
15629.00 UGIKG 52.6250 95.83 NA 

317.00 MGlKG NA NA 
54.9160 0.0143 

5.90 MGIKG 2.1801 10.55 0.01 36 100.00 
5491 -30 UGlKG 18.4900 89.45 NA 
281.00 MGIKG NA N A 

20.6701 0.0136 

ND MGlKG NA NA 
541 -22 UGIKG 1.8224 100.00 NA 

2.90 MGlKG NA NA 
1.8224 NA 

25.00 MGIKG 9.2377 56.99 0.0575 100.00 
2070.20 UGIKG 6.9707 43.01 NA 
644.00 MGIKG N A NA 

16.2083 0.0575 



Table 10.10.10.16 
Point Estimates of Risk and Hazard - Surface Soil 

Industrial Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
084 8008 Arsenic (As) 4.80 MGIKG 1.7736 40.07 0.01 10 100.00 
084 5008 B(a)P Equiv. 787.74 UGIKG 2.6524 59.93 NA 
084 BOO8 Lead (Pb) 

Total 
12.70 MGIKG NA NA 

4.4261 0.01 10 

084 8009 Arsenic (As) 2.90 MGIKG 1.0716 100.00 0.0067 100.00 
084 BOO9 B(a)PEquiv. ND UGIKG NA NA 
084 8009 Lead (Pb) 

Total 
53.60 MGIKG NA NA 

1.0716 0.0067 

574 BOO1 Arsenic (As) 3.20 MGIKG 1.1 824 7.21 0.0074 100.00 
574 BOO1 B(a)P Equiv. 451 7.00 UGIKG 15.2094 92.79 N A 
574 BOOl Lead (Pb) 

Total 
110.00 MGIKG NA NA 

16.3918 0.0074 

574 BOO2 Arsenic (As) 9.90 MGlKG 3.6581 55.43 0.0228 100.00 
574 BOO2 B(a)P Equiv. 873.66 UGIKG 2.9417 44.57 NA 
574 8002 Lead (Pb) 476.00 MGIKG NA NA 

Total 6.5999 0.0228 

574 8003 Arsenic (As) 6.70 MGIKG 2.4757 17.53 0.01 54 100.00 
574 6003 B(a)P Equiv. 3458.20 UGIKG 1 1.6442 82.47 NA 
574 I3003 Lead (Pb) 438.00 MGIKG NA N A 

Total 14.1199 0.01 54 

574 8004 Arsenic (As) 2.30 MGIKG 0.8499 100.00 0.0053 100.00 
574 8004 B(a)P Equiv. ND UGIKG N A NA 
574 8004 Lead (Pb) 46.80 MGIKG NA NA 

Total 0.8499 0.0053 

574 8005 Arsenic (As) 9.20 MGIKG 3.3995 3.37 0.0212 100.00 
574 BOO5 B(a)P Equiv. 28991 .OO UGlKG 97.6167 96.63 N A 
574 8005 Lead (Pb) 700.00 MGIKG NA NA 

Total 101.01 62 0.0212 

574 BOO6 Arsenic (As) 11.90 MGlKG 4.3971 93.80 0.0274 100.00 
574 6006 B(a)PEquiv. 86.30 UGIKG 0.2906 6.20 NA 
574 8006 Lead (Pb) 128.00 MGIKG NA NA 

Total 4.6877 0.0274 



Table 10.10.10.16 
Point Estimates of Risk and Hazard -Surface Soil 

Industrial Scenario 
SWMUs 83 and 84lAOC 574 

NAVBASECharleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
574 BOO7 Arsenic (As) 22.10 MGIKG 8.1661. 52.53 0.0508 100.00 
574 8007 B(a)P Equiv. 21 91.40 UGIKG 7.3787 47.47 NA 
574 6007 Lead (Pb) 280.00 MGIKG NA NA 

Total 1 5.5449 0.0508 

574 BOO8 Arsenic (As) 6.20 MGlKG 2.2909 5.19 0.0143 100.00 
574 BOO8 B(a)PEquiv. 12438.40 UGIKG 41.8818 94.81 NA 
574 6008 Lead (Pb) 506.00 MGIKG NA NA 

Total 44.1 728 0.0143 

574 8009 Arsenic (As) 2.40 MGIKG 0.8868 73.55 0.0055 100.00 
574 8009 B(a)P Equiv. 94.70 UGIKG 0.3189 26.45 NA 
574 8009 Lead (Pb) 41.00 MG/KG NA NA 

Total 1.2057 0.0055 
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Draft Zone E RCRA Facilig Investigation Report 
NAVBASE Charleston 

Section 10: Site-Specijic Evalunrionr 
November 1997 

10.10.11 Corrective Measures Considerations 

For SWMUs 83 and 84 and AOC 574, the upper and lower soil intervals and the shallow and deep 

groundwater were investigated. Based on the analytical results and the risk assessment, COCs 

requiring further evaluation through the CMS process were identified for the upper soil interval 

and the shallow and deep groundwater. However, residential use of the site is not expected, based 

on current site uses and the nature of surrounding buildings. Current reuse plans call for 

continued cornmercial/industriaI use. However, the industrial exposure risk for the upper soil 

interval exceeds 1E-06 for arsenic and BEQs. Risk associated with the upper interval is 

diminished because most of the site is capped with concrete and asphalt. Soil sample locations 

084SB004, OMSB007, 574SB005, and 574SBQ08 are not covered with either concrete or asphalt. 

Antimony, arsenic, copper, and BEQs were identified as COCs in the upper soil interval. Arsenic 

and BEQs soil pathway residential exposure risk ranges from 2E-06 to 5E-04 with the arithmetic 

mean risk of 7E-05. The HI estimates range from 0.001 to 2.2 with a mean HI of 0.6. The 

equated mean is between USEPA's acceptable ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 

for HI. 

However, the arithmetic mean risk and HI associated with the four soil samples not covered by 

concrete or asphalt are 2.7E-04 and 1.4, respectively. Arsenic and BEQs contribute to risk at 

these points. 

Lead was identified at seven of 27 locations above USEPA's acceptable residential level of 

400 mgfkg. The highest concentration of lead is at soil boring 083SB010, 1,400 mg/kg. The soil 

samples from this boring and soil borings 084SB003, 574SB002, and 574SB003 were collected 

beneath concrete or asphalt; direct exposure at these covered locations is unlikely. Lead was 

detected above USEPA's acceptable residential level in three of the four soii samples collected 
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from uncovered areas: borings OMSB007,574SB005, and 574SB008 at 644 mg/kg , 700 mglkg , 

and 506 mg/kg , respectively. 

Since all but four soil sample locations are covered with either concrete or asphalt and their 

equated mean residential risk and HI are within USEPA's acceptable ranges, no further action is 

recommended for those soil locations. Further action is recommended for soil with no concrete 

or asphalt cover. Corrective measures are provided in Table 10.10.1 1.1. 

Arsenic, iron, and manganese was identified in deep groundwater at concentrations equaling a 

risk above 1E-06 andlor HI above I (3.1E-05 and 1,505, respectively). Arsenic drives the HI. 

Arsenic and iron were identified in the shallow groundwater as COPCs. The equated risk ranges 

from < 1E-07 to 8E-06 with a arithmetic mean of 3E-06 and an HI range between 0.0 to 823 with 

an HI mean of 202. Arsenic drives the HI at monitoring wells NBCE083001, NBCE083002, and 

NBCE084002. No plume is apparent in the shallow groundwater. Human health risk is not a 

significant factor since groundwater is not a potable drinking water source. However, further 

assessment is needed to evaluate the natural attenuation process and potential discharge to surface 

water. 

Potential corrective measures for the impacted media and respective COCs are in 

Table 10.10.11.1. 
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Table 10.10.11.1 
Potential Corrective Measures for SWMUs 83 and 84 and AOC 574 

Medium Compounds Potential Corrective Measures 

Soil Arsenic, lead, and benm(a)pyrene a) No Action 
b Con-eat - Capping 
C) Ex-siu, Excavate and Offsite Disposal 

Deep Groundwater Arsenic a) No Action 
b) Intrinsic Remediation and Monitoring 
C) Ex-Situ, Chemical and Physical 

Treatment 

Shallow Groundwater Arsenic a) No Action 
b) Intrinsic Remediatian and Monitoring 
c) Ex-Situ, Chemical and Physical 

Treasnent 
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10.1 1 SWMU 87, Less-than-90-Day Accumulation Area, Building 80; SWMU 172, Steam I 

Cleaning Operations, Building 80; and AOC 564, OilMTater Separator, Building 80 2 

SWMU 87 consists of a former less-than-90-day accumulation area that was once a part of the 3 

Charleston Naval Shipyard hazardous waste management system. Located north of Building 80, 4 

the unit is a metal building with an asphalt foundation. Wastes were accumulated in closed, 5 

palletized 55-gallon drums and palletized plastic bags. The accumulation area was taken out of 6 

service in March 1994. 7 

SWMU 172 consists of a steam cleaning area north of Building 80. Steam cleaning has been 

performed on various types of equipment including small engines, generators, and construction 

equipment. The unit consists of a concrete-paved area designed with curbing and sioping surfaces 

so all liquids drain into two storm drains. This unit is not enclosed or roofed. 

AOC 564 consists of a 300-gallon oil-water separator (OWS) north of Building 80. Wastewater 

from machining and parts cleaning in Building 80 drains onto a sloped asphalt ramp which feeds 

into an exterior drain connected to the OWS. The OWS has been in operation for more than 

25 years. 

Materials of concern indicated in the Final Zone E RFI Work Plan at SWMU 87 include paint, 

mercury, anti-freeze, and petroleum hydrocarbons. Materials of concern for SWMU 172 and 

AOC 564 are petroleum hydrocarbons. Potential receptors that may be exposed to site 

contaminants include current and future building users and any site workers this area may support 

following base closure. 

To fulfill CSI objectives for SWMUs 87 and 172 and AOC 564, soil, groundwater, air, and 

sediment were sampled in accordance with the Final Zone E RFI Work Plan and Section 3 of this 

report to determine whether contamination resulted from onsite activities. 
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10.11.1 Soil Sampling and Analysis 

Soil was sampled in one round at SWMUs 87 and 172 and AOC 564 from the locations shown on 

Figure 10.11.1. The Final Zone E RFI Work Plan proposed collection of eight soil samples from 

the upper interval and eight from the lower interval. Soil samples were also collected at both 

intervals for the two shallow monitoring well locations proposed at this site. 

A11 proposed samples were collected and submitted for analysis at DQO Level 111 for VOCs, 

SVOCs, pesticides/PCBs, metals, cyanide, and organotins. Two upper-interval samples selected 

as duplicates were analyzed at DQO Level N for Appendix TX parameters which includes the suite 

of parameters proposed for the site, a more comprehensive list of VOCs and SVOCs, and 

herbicides, hexavalent chromium, organophosphorus pesticides, and dioxins. Table 10.11.1.1 

summarizes soil sampling at SWMU 87 and associated sites. 

Table 10.11.1.1 
SWMUs 87 and 172 and AOC 564 

Soil Sampling Summary 

Samples Samples 

upper 10 10 Standard Suitea. organotins Standard SuiteL, organotins None 

Lower 10 10 Standard Suitea, organorins Standard Suite', or~anotins None 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticidestPCB. 

10.11.2 Nature of Contamination in Soil 12 

Organic compound analytical results for soil are summarized in Table 10.11.2.1. Inorganic 13 

analytical results for soil are summarized in Table 10.1 1 .2.2. Appendix H contains the complete 14 

data report for all samples collected in Zone E. 15 
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Table 10.11.2.1 
SWMUs 87 and 172 and AOC 564 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of !3amples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Acetone u p  8/10 10.0 - 300 123 20,000,000 0 

Lower 6/10 32.0 - 1 OO 59.0 NA NA 

Bromodichloromethane Upper 1/10 3.00 3.00 92,000 0 

2-Butanone @@K) Lower 1/10 2.00 2.00 NA NA 

Chlorobenzene Upper 1/10 130 130 4,100,000 0 

Lower 1110 200 200 NA N A 

Cbloraform upper 1/10 12.0 12.0 W0,oOO 0 

Chloromethane Lower 2/10 3.00 - 7.00 5.00 N A NA 

l,l-Dichloroethane Lower 1110 43 .O 43 ,O NA NA 

1,2-Dichloroethene (total) Upper 2/10 31.0 - 58.0 44.5 1,800,OOO 0 

Lower 1110 100 100 N A N A 

Ethylbenzene UW 1/10 17.0 17.0 ~ , ~ , ~  0 

Lower I f  10 4.00 4.00 NA NA 

Methylene chloride Upper 6/10 2.00 - 18.0 9.50 760,000 0 

Toluene Upper 1/10 16.0 16.0 41,000,000 0 

Lower 1/10 6.00 6.00 N A N A 

Xylene Uotal) Upper 1/10 180 180 10Q,000,000 0 

Lower 1/10 26.0 26.0 NA NA 

Anthracene Upper 1/10 60.0 60.0 61,000,000 0 
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Table 10.11.2.1 
SWMUs 87 and 172 and AOC 564 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC R3C 

Beozo(g,b,ijperjrIene Upper 7/10 57.0 - 220 135 8.200,OOO 0 

Lower 1/10 59.0 59.0 NA NA 

D~benzofuran Upper 1/10 1 20 120 820.000 0 

1,2-Dichlorohne QWr 2/10 120 - 3,500 1.8 10 f 8 ,~ ,000  0 

Lower 2110 220 - 850 535 NA NA 

1,3-Dichlorobenzene Lower 1/10 62.0 62.0 NA NA 

1,4-Dicblorabenrene Lower 1/10 1 70 1 70 N A NA 

Di-n-octyl phthalate Upper 1110 54.0 54.0 4.100,OOO 0 

Fluoraathene Upper 8/10 56.0 - 680 265 8,20D,OQO 0 

Lower 2/10 53.0 - 170 112 NA NA 

2-Methy lnaphthalene Upper 1110 1,900 1,900 8,200.000 0 

Lower 1/10 47.0 47.0 N A N A 

Lower 1/10 220 220 NA NA 

Pentachlorophenol Upper 1/10 69.0 69.0 48,000 0 

b m  ~JPW 8/10 50.0 - 610 259 6,100,000 0 

Lower 2110 54.9 - 180 1 I7 NA NA 

SVOCs (B(a)P Equivalents) bg/k@ 

B(a)P Equiv, upper 8/10 63.1 - 534 235 780 0 

Lower 3110 4.30 - 240 120 NA NA 
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Table 10.11.2.1 
SWMUs 87 and f72 and AOC 564 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Lower 1/10 92.0 92.0 N A  N A 

Ben.zo&)ff wr4nthene vlVr 5/10 58.0 - 330 182 7,800 0 

Lower 21 10 43.0 - 94-0 68.5 NA NA 

Lower 1/10 69.0 69.0 N A N A 

k m a ) P ~  U P P  8110 62.9 - 370 153 7W 0 

Lower 2/10 90.0 - 240 165 NA NA 

Lower 1/10 97.0 97.0 N A NA 

Lower 1110 58.0 58.0 N A N A 

Pesticides (&kg) 

delta-BHC Upper 1/10 4.83 4.83 910 0 

Endrin Upper 1/10 14.3 14.3 61,000 0 

Endrin aldehyde Upper 1110 4.19 4.19 61,000 0 
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Tabk 10.11.2.1 
SWMUs 87 and 172 and AOC 564 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RSC 

Dioxins (ngkg) 

Dioxin Equiv. UPF 212 0. 101 - 1.45 0.774 1 ,m 0 

OCDD Upper 212 16.9 - 715 366 NA NA 

OCDF 1.45 - 24.8 13.1 NA 

Notes: 
&kg = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
C = Risk-based concentration 
NA = No industrial RBC established 

Table 10.11.2.2 
SWMUs 87 and 172 aud AOC 564 

I n o ~ c  Detectiop9 for Soil (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Reference Exceeding 
Element interval Detection Conc. Conc. - 

Aluminum (Al) w P  10/10 4,080 - 25,HW) 9,660 100,000 26,t.m 0 

Lower lWl0 2,090 - 11,900 6,970 N A 41,100 NA 

Antimony (Sb) Upper 2/10 0.750 - 5.10 2.93 82.0 1.77 0 

Arsenic (0 u ~ r  10110 3.30 - 66.5 14.8 3.80 23.9 1 

Lower 1WlO 1.60 - 7.50 4.15 N A 19.9 NA 

Barium (Ba) Upper lot10 11.5 - 49.7 31.8 14,000 130 0 

Lower 10/10 11.0 - 29.5 18.1 N A 94.1 N A 
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Table 10.11.2.2 
SWMUs 87 aud 172 and AOC 564 

Inorganic Detections for Soil (mg/kgl 

Number of 
Range of M a  of Samples 

Sample Frq. of Detected Detected Industrial Reference Exceeding 
Element Interval Detection Cone. Conc. RBC Cwc. RBCnndRC 

Beryllium me) Upper 1Qf 10 0.310- 1.60 0.708 1.30 1.70 0 

Cadmium (Cd) U W r  1110 0.640 0.640 100 1.50 0 

Calcium [Ca) UPPr 10/10 5,650 - %8,10(3 I3.W NA N A NA 

Lowor 1W10 1,220 - 35,200 fO,2OD NA NA NA 

Chromium (Cr) Upper 10110 10.2 - 143 47.8 1.m 94.6 0 

Lower 10110 5.00 - 21.8 11.8 N A 75.2 N A 

Copper (Cu) Upper 10110 3.30 - 142 34.6 8.200 66.0 0 

Lower 10/10 1.20 - 9.20 3.89 N A 152 N A 

Cyanide (CN) Upper 8/10 0.594 4.100 0.500 0 0.340 - 1.000 
Lower 7/10 0.280 - 0.590 0.379 N A NA N A 

Iron (Fe) Upper lot10 4,280 - 34.700 12.900 61,000 N A 0 

Lower 10110 3,220 - 17,500 8,410 N A N A N A 

Lower 10/10 2.20 - 54.8 15.3 N A 173 NA 

Magnesium (Mg) Upper 10/10 888 - 4.460 2,130 N A N A N A 

Lower 7110 0.0300 - 0.150 0.0614 N A 1.59 N A 

Nickel (Ni) Upper 9/10 4.00 - 14.1 8.83 4,100 77.1 0 

Lower 9/10 2.20 - 7.30 4.52 PI A 57.0 NA 
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Table 10.11.2.2 
SWMUs 87 and 172 and AOC 564 

I r r o ~ c  IWdons  for Soil (mg/kg) 

Number of 
RPnge of Mean of Snmples 

Sample Freq. of Detected Detected Industrial Reference Exending 
Element Interval Detection Conc. Conc. RBC Conc. RBC and RC 

Potassium (K) upper 10110 254 - 1,930 1,010 N A N A N A 

Lower 9/10 183 - 1.400 536 N A N A N A 

Silver (Ag) Upper 2/10 2.00 - 2.20 2.10 1.000 N A 0 

Sodium (Na) upper IWlO 236 - 1,750 536 N A N A N A 

Ltmr 10110 245 - ,456 3u.2 N A N A NA 

Upper 1/10 0.850 0.850 16.0 2.80 Thallium (TI) 0 

Tin (Sn] Upptr 1QIlO 2.80 - 10.1 4.39 100,OOO 59.4 0 

Lower 9/10 2.60 - 4.70 3.61 N A 9.23 NA 

Vanadium (V) Upper 10110 7.60 - 78.5 27.7 1,400 94.3 0 

Lower 10110 8.00 - 33.3 16.6 N A 155 N A 

Zinc (Zn) 10110 13.7 - 2% 105 61,000 827 0 

Lower 10flO 7.20 - 31.8 15.6 NA 886 N A 

Notes: 
mglkg = Milligrams per lulognun 
RBC = Risk-based conccnmtion 
RC = Reference concentration 
NA = No industrial RBC or RC established 

Volatile Organic Compounds in Soil 

Thirteen VOCs were detected in soil samples collected at SWMUs 87 and 172 and AOC 564. 

Twenty-three detections occurred in the upper interval and 15 in the lower interval. No VOC 

exceeded its respective industrial RBC in the upper interval. However, one VOC - 
chloromethane - exceeded its respective SSL in the lower interval. 

Chloromethane was detected in two of 10 lower-interval samples with a range of 3.0 to 7.0 */kg 

and a mean of 5.0 pglkg. One lower-interval sample (564SB001, 7.0 pglkg) exceeded the 

chloromethane SSL of 6.60 pgfkg. 
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Semivolatile Organic Compounds in Soil I 

Twenty-two SVOCs were detected in soil samples collected at SWMUs 87 and 172 and AOC 564. 2 

Seventy-seven detections occurred in the upper interval and 21 in the lower interval. No SVOC 3 

exceeded its respective industrial RBC in the upper interval or respective SSL in the lower 4 

interval. 5 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at SWMUs 87 and 6 

172 and AOC 5M. The upper-interval BEQ was calculated for eight samples with a range of 63.1 7 

to 534 pglkg and a mean of 235 pglkg. The calculated BEQ did not exceed the benzo(a)pyrene a 

industrial RBC of 780 pglkg. 9 

Pesticides and PCBs in Soil 10 

Nine pesticides were detected in upper-interval soil samples collected at SWMUs 87 and 172 and 11  

AOC 564. No pesticide exceeded its respective industrial RBC in the upper interval and no 12 

pesticides were analyzed for in lower-interval samples. 13 

No PCBs were detected in soil samples collected at SWMUs 87 and 172 and AOC 564. 14 

Other Organic Compounds in Soil IS 

Seven dioxins were detected in upper-interval soil samples collected at SWMUs 87 and 172 and 16 

AOC 564. No industrial RBCs have been established for the detected dioxins. Lower-interval 17 

samples were not analyzed for dioxins. 18 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for the 19 

upper-interval samples. The TEQ was calculated for two samples with a range of 0.101 to 20 

1.45 ngkg and a mean of 0.774 nglkg. The calculated TEQ did not exceed the industrial RBC of 21 

1,000 nglkg . 22 
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Inorganic Elements in Soil 

Twenty-five metals were detected in soil samples collected at SWMUs 87 and 172 and AOC 564. 

Two hundred and two detections occurred in the upper interval and 191 in the lower interval. One 

metal - arsenic - exceeded both its respective industrial RBC and background RC in the upper 

interval. No metal exceeded both its respective SSL and background RC in the lower interval. 

Arsenic was detected in 10 of 10 upper-interval samples with a range of 3.30 to 66.5 mglkg and 

a mean of 14.8 mglkg . One upper-interval sample (087SB001, 66.5 mglkg) exceeded both the 

arsenic industrial RBC of 3.80 mg/kg and the arsenic background RC of 23.9 mglkg. 

10.11.3 Groundwater Sampling and Analysis 

One deep monitoring well and two shallow monitoring wells were installed and sampled to assess 

groundwater quality at SWMUs 87 and 172 and AOC 564 as shown in Figure 10.11.2. The wells 

were installed as follows: 

e Shallow Welb installed at SWMU 172 - NBCE172001 and NBCE172002 

Deep Well installed at SWMU 172 - NBCE17202D 

Groundwater samples were submitted for analysis at DQO Level HI for VOCs, SVOCs, 

pesticidesfPCBs, metals, cyanide, chlorides, sulfates, TDS , and organotins. No samples were 

selected as duplicates at this site. Table 10.11.3.1 summarizes groundwater sampling and analysis 

at SWMUs 87 and 172 and AOC 564. 
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Table 10.11.3.1 
SWMUs 87 and 172 and AOC 564 
Groundwater Sampling Summary 

Wells Wells 
Depth Proposed Installed Analyses Proposed Analyses CoHected Deviations 

Shallow 2 2 Standard Suitea, chlorides, Standard Suite, chlorides, None 
TDS, sulfabs, aad sulfates, TDS, and 
organotios orgmotins 

Deep 1 1 Standard Suite" chlorides, Standard Suite" chlorides, None 
TDS, sulfates, and sulfates, TDS, and 
organotins organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs. 

The shallow monitoring wells were installed at 13 feet bgs in the surficial aquifer. The deep well 

was installed at 28.4 feet bgs at the base of the surficial aquifer. All wells were installed in 

accordance with Section 3.3 of this report. 

10.11.4 Nature of Contamination in Groundwater 

Organic compound analytical results for shallow and deep groundwater are summarized in 

Tables 10.11.4.1 and 10.11 -4.2, respectively. Inorganic analytical results for shallow and deep 

groundwater are summarized in Tables 10.11 -4.3 and 10.1 1.4.4, respectively. Appendix H 

contains the complete data report for all samples collected in Zone E. 

Volatile Organic Compounds in Groundwater 

Shallow Groundwater 

Three VOCs were detected in shallow groundwater samples collected at SWMU 172 (no shallow 

wells were installed at SWMU 87 or AOC 564). Two VOCs - chlorobenzene and 

1 ,Zdichloroethene (total) - exceeded their respective tap-water RBCs. 
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Table 10.11.4.1 
SWMUs 87 and 172 and AOC 564 

Organic Compounds Detected in First-Quarter Groundwater h l L )  
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Detection Conc. Conc. RBC MCL RBC 

v o c s  

Chiorobemem 112 110 110 3.90 NA 1 

svocs 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 

Table 10.11.4.2 
SWMUs 87 and 172 and AOC 564 

Organic Compounds Detected in First-Quarter Groundwater OLgIL) 
Deep Monitoring Well 

Range of Mean of 
Number of 

Samples 
Freq. of Detected Detected Tap Water ~ x & d i n ~  

Element Detection Conc. Conc. RBC MCL RBC 

vocs 

1,2-Dichlom~thene total 1 If1 2.00 Z,OO 5.50 70,O 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
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Table 20.11.4.3 
SWMUs 87 and 172 and AOC 564 

Inorganic Detections for First-Quarter Groundwater o.(g/L) 
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBC and RC 

~iuminium ( ~ 1 )  ~n 1,010 t,oto 3,700 2,810 NA o 

Arsenic (As) 112 5.10 5.10 0.0450 18.7 50.0 0 

Calcium (Ca) 112 49,500 49.500 N A N A N A NA 

Cobalt (Co) 1 12 16.8 16.8 229 2.5 N A 0 

Copper (Cu) 112 2.00 2.00 150 2.7 1,300 0 

Iron (Fe) 212 2,200 - 6, I00 4,150 1,100  N A NA 2 

Magnesium (Mg) 2/2 6.680 - 1 1.700 9,190 NA NA NA N A 

Mangame (Mn) 2/2 88.0 - 261 175 84.0 2,560 NA 0 

Nickel (Ni) 1 12 9.30 9.30 73 .O 15.2 100 0 

Potassium (Kf 1M 5,970 5,970 NA N A NA NA 

Sodium (Na) 212 128,000 - 452,000 290,000 N A N A N A NA 

Vanadium (Y) ln 2.70 2.70 26.0 11.4 NA 0 

Zinc 0 Zn 1 I2 44.4 44.4 1,100 27.3 NA 0 

Notes: 
yglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant kevel 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 
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Table 10.11.4.4 
SWMUs 87 and 172 md AOC 564 

Inorganic Detections for F i r s t - m e r  Grouadwater @g/L) 
Deep Monitoring Well 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Reference Exceeding 
Element Detection Conc. Cone, RBC Cone. MCL RBCandRC 

Arsenic (As) 111 10.5 18.5 0.0450 16.4 50.0 1 

Calcium (Ca) 111 216,000 216,000 NA NA N A N A 

Iron (Fe) 111 7,040 7,040 1.100 N A NA 1 

Magnesium (Mg) 111 3f.4$00 30,500 NA NA NA NA 

Manganese (Mn) 111 1,240 1.240 84.0 869 NA I 

Nickel (Ni) 1/1 18.7 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC. MCL, or RC established 

Chlorobenzene was detected in one of two samples in well NBCE172001 (1 10 pg/L), exceeding 

the chlorobenzene tap-water RBC of 3.90 pg/L. No MCL has been established for chlorobenzene. 

1,2-Dichloroethene (total) was detected in one of two sampIes in well NBCE172001 (37.0 pglL), 

exceeding the l,2-dichloroethene (total) tap-water RBC of 5.50 pgIL. The detection was below 

the 1,2-dichloroethene MCL of 70 pg/L. 

Deep Groundwater 

One VOC - 1,2dichloroethene (total) - was detected in the deep groundwater sample collected 

at SWMU 172 (no deep wells were installed at SWMU 87 or AOC 564). The SVOC did not 

exceed its respective tap-water RBC . 
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Semivolatile Organic Compounds in Groundwater 

Sltaliow Groundwater 

Four SVOCs were detected in shallow groundwater samples collected at SWMU 172. One SVOC 

- 1,4dichlorobenzene - exceeded its tap water RBC. 

1,4-dichlorobenzene was detected in one of two samples in well NBCE172001 (6.00 pglL), 

exceeding its tap-water RBC of 4.80 pgIL. The detection did not exceed the 1,4-dichlorobenzene 

MCL of 75 pg/L. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Fourteen metals were detected in shallow groundwater samples collected at SWMU 172. One 

metal - iron - exceeded its respective tap-water RBC. 

Iron was detected in two of two samples with a range of 2,200 to 6,100 pg/L and a mean of 

4,150 pglL. Two samples from wells NBCE172001 (6,100 pglL) and NBCE172002 

(2,200 pg/L) exceeded the iron tap-water RBC of 1,100 pglL. No shallow groundwater RC or 

MCL has been established for iron. 

Deep Groundwater 

Eight metals were detected in the one deep groundwater sample collected at SWMU 172. Three 

metals - arsenic, iron, and manganese - exceeded both their respective tap-water RBC and 

background deep groundwater RC . 

Arsenic was detected in well NBCE17202D (18.5 MIL), exceeding both the arsenic tap-water 

RBC of 0.0450 pg/L and the arsenic deep groundwater RC of 16.4 pglL. The sample did not 

exceed the arsenic MCL of 50 pg/L. 
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Iron was detected in well NBCE17202D (7,040 pglL), exceeding the iron tap-water RBC of 

1,100 pglL. No deep groundwater RC or MCL has been established for iron. 

Manganese was detected in well NBCE17292D (1,240 ,uglL), exceeding both the manganese tap- 

water RBC of 84.0 pglL and the manganese deep groundwater RC of 869 pg/L. No MCL has 

been established for manganese. 

10.11.5 Sediment Sampling and Analysis 

The Final Zone E RFI Work Plan proposed one sediment sample at SWMUs 87 and 172 and 

AOC 564 from the location shown in Figure 10.11.3. One sediment sample was collected and 

submitted for analysis at DQO Level III for organotins and the standard suite of parameters which 

includes VOCs, SVOCs, pesticidestPCBs, metals and cyanide. No samples were selected as 

duplicates at this site. Table 10.11.5.1 summarizes sediment sampling and analysis at SWMTJs 87 

and 172 and AOC 564. 

Table 10.11.5.1 
SWMUs 87 and 172 and AOC 564 

Sediment Sampling Summary 

Samples Samples Analyses Analyses 
Deviation 

I 1 Standard Suite' Standard Suitea Metals analysis inadvertently 
and mganotins and orgarnth left out of requested sample 

Note: 
a = Standard suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs. 
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10.11.6 Nature of Contamination in Sediment 1 

Table 10.11.6.1 summarizes the organic analytical results for sediment. Table 10.1 1.6.2 2 

summarizes the inorganic analytical results for sediment. Appendix H contains the complete 3 

analytical report for all samples collected in Zone E. 4 

Table 10.11.6.1 
SWMUs 87 and 172 aud AOC 564 

Organic Compounds Detected in Sediment &/kg) 

Number of 
Range of Mean of Samples 

Snmpling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Xylene (Total) Upper 111 19.0 19.0 100,000 0 

Butylbenzylphthalate U P P ~ ~  111 5,200 5,200 410,000 0 

2-Meth Y Ina P hthalene U Ppe r 111 6,800 6,800 8,200,000 0 

Pesticides 

Endrin aldeh Y de U PPe r 111 35.3 35.3 61,000 0 

Notes: 
pglkg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial soil RBC established 
* = For the purposes of this investigation, sediment collected from stom and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS sediment screening values. 
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Table 10.11.6.2 
SWMUs 87 and 172 and AOC 574 

Inorganic Detections in Sediment (mgflrg) 

Range of Mean of Number of 
Sample Freq. of Detected Detected Industrial Samples 

Element Interval Detection Cone. Cow. RBC E d g  RBC 

Cyanide (CN) Upper 111 0.459 0.450 41,000 0 

Notes: 
mg/kg = Milligrams per kilogram 
RBC = Risk-based concentration 
* = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS sediment screening values. 

Volatile Organic Compounds in Sediment 

Two VOCs were detected in the one sediment sample collected at SWMUs 87 and 172 and 

AOC 564. Neither VOC exceeded its respective industrial soil RBC. 

Semivolatile Organic Compounds in Sediment 

Four SVOCs were detected in the one sediment sample collected at SWMUs 87 and 172 and 

AOC 564. No SVOCs exceeded their respective industrial soil FU3Cs. 

Pesticides and PCBs in Sediment 

Two pesticides were detected in the one sediment sample collected at SWMUs 87 and 172 and 

AOC 564. Neither pesticide exceeded its respective industrial soil RBC. 

No PCBs were detected in the one sediment sample collected at SWMUs 87 and 172 and 

AOC 564. 

Other Organic Compounds in Sediment 

No other organic compounds were detected in the one sediment sample collected at SWMUs 87 

and 172 and AOC 564. 
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Inorganic Elements in Sediment I 

One metal - cyanide - was detected in the one sediment sample collected at SWMUs 87 and 172 2 

and AOC 564. The detected concentration did not exceed the industrial soil RBC for cyanide. 3 

10,11,7 Air Sampling and Analysis 4 

The Final Zone E RFI Work Plan proposed collecting random air samples at SWMU 87 with a 5 

mercury vapor analyzer. Both the number and location of screening samples were to be 6 

determined in the field. It was determined that the area associated with SWMU 87 is currently 7 

an asphalt lot, therefore mercury vapor analysis was deemed unnecessary. Table 10.11.7.1 8 

summarizes air sampling activity for SWMU 87. 9 

Table 10.11.7.1 
SWMU 87 

Air Sampling Summary 

Samples Samples 

10.11.8 Nature of Contamination in Air 

No air samples were collected. 

10.11.9 Fate and Transport Assessment for SWMUs 87 and 172 and AOC 564 12 

Combined SWMU 87 is located north of Building 80 and comprises SWMU 87, SWMU 172, and 13 

AOC 564. SWMU 87 is a former less-than-90day accumulation area consisting of a metal 14 

building with an asphalt foundation. SWMU 172 is a steam cleaning area consisting of a concrete- 1s 

paved area designed with curbing and sloping surfaces so a11 liquids drain into two storm drains. 16 

AOC 564 is a 300-gallon oil-water separator (OWS). Wastewater from machining and 17 

parts cleaning in Building 80 drains onto a sloped asphalt ramp which feeds into an exterior drain 18 
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connected to the OWS. Environmental media sampled as part of the combined SWMU 87 RFI 

include surface soil, subsurface soil, sediment, and shallow and deep groundwater. Potential 

constituent migration pathways investigated for combined SWMU 87 include soil to groundwater, 

groundwater to surface water, surface soil to sediment, and emission of volatiles from surface soil- 

to-air . 

10.11.9.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.1 1.9.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) background RCs. 

To provide a conservative screen, generic SSLs are used; Ieacbat. entering the aquifer is assumed 

to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Six organic constituents (delta-BHC, chloromethane, dieldrin, methylene chloride, 

pentachlorophenol, and tetrachloroethene) were detected in combined SWMU 87 soil above 

groundwater protection SSLs. None of these organic constituents was detected in first-quarter 

groundwater samples. Dieldrin, delta-BHC, pentachlorophenol, and tetrachloroethene were each 

detected in only one surface soil sample at concentrations above their respective generic SSLs. 

Methylene chloride was detected in only two surface soil samples at concentrations above its 

generic SSL. Chloromethane was detected in only one subsurface soil sample at a concentration 

above its generic SSL. Four inorganic constituents (antimony, arsenic, chromium, and cobalt) 

were detected in surface soil above their respective groundwater protection SSLs or background 

reference values; there were no exceedances in subsurface samples. Antimony and arsenic were 

each detected in only one surface soil sample at concentrations exceeding their respective screening 

levels. Chromium and cobalt were each detected in only two surface soil samples at 

concentrations exceeding their respective screening levels. Of the four inorganic constituents 

exceeding SSLs, only arsenic and cobalt were also detected in firstquarter groundwater samples. 
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Arsenic was not detected at a concentration above its background reference value and cobalt was 

not detected at a concentration above its tap water RBC . 

10.11.9.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.11.9.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to RBCs for drinking water, and to chronic ambient saltwater 

quality criteria values for the protection of aquatic life (saltwater surface water chronic screening 

values). For inorganics, maximum concentrations in groundwater are compared to the greater of 

(a) risk-based drinking water concentrations, or (b) background RCs for groundwater, as well as 

to the saltwater surface water chronic values. To provide a conservative first-tier screen, no 

attenuation or dilution of constituents in groundwater is assumed before comparison to the relevant 

standards. 

Two organic constituents (chlorobenzene and 1,4dichlorobenzene) were detected in combined 

SWMU 87 shallow groundwater above tap water RBCs. Each of these organic constituents was 

detected at a concentration above its respective tap water RBC in all four quarters of groundwater 

samples collected from shaliow monitoring well NBCE172001. No inorganic constituents were 

detected in groundwater (shallow or deep) above their respective tap water RBCs or background 

reference values. 

10.11.9.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.11.9.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecologicalfhuman health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 
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leachate by groundwater or attenuation of constituents in soil is assumed (DAF = 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for combined SWMU 87 is 95,800: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.11.9.4 Surface Soil-to-Sediment Cross-Media Transport 

Tables 10.1 1.6.1 and 10.1 1.6.2 summarize the constituent concentrations detected in 

sediment samples at combined SWMU 87. Ethylbenzene, 4,4'-DDE, endrin aldehyde, 

2-methylnaphthalene, and xylene were detected in both surface soil and sediment samples. This 

relationship implies either that surface soil is a potential source of these constituents in catch basin 

sediment, or that both surface soil and catch basin sediment received these constituents from the 

same site source. Fate and transport for constituents detected in sediments from catch basins will 

be examined in the Zone L RFI report; fate and transport for constituents in sediments collected 

from surface water bodies will be discussed in the RFl report for Zone J. 

10.11.9.5 Soil-to-Air Cross-Media Transport 

Table 10.11.9.3 lists the VOCs detected in surface soil samples collected at combined SWMU 87 

along with corresponding soil-to-air volatilization screening levels. Little or no surface soil is 

exposed at combined SWMU 87. In addition, none of the VOCs was reported at a maximum 

concentration exceeding its corresponding soil-to-air volatilization screening level. As a result, 

the soil-to-air migration pathway is not expected to be significant at combined SWMU 87. 
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10.11.9.6 Fate and Transport Summary 

In the first-tier screen, two metals (arsenic and cobalt) detected above their background RCs in 

surface soil (but not subsurface soil) were also detected in groundwater samples. Arsenic and 

cobalt exceeded their respective background reference values in only one surface soil sample each, 

indicating that overall site concentrations were similar to background. Except for arsenic in deep 

groundwater, subsequent quarterly groundwater sampling results were generally consistent with 

first-quarter results. Although below background in the first-quarter sample, arsenic was detected 

at concentrations above its background reference value in second, third, and fourth-quarter 

samples collected from monitoring well NBCE 17202D. 

None of the constituents exceeding first-tier screening values also exceeded the adjusted screening 

values of the second-tier comparisons, indicating that there is no threat to surface water in the 

Cooper River via the evaluated migration pathways. 



Table 10.1 1.9.1 
Chemicals Dtleclcd in Surface Soil, Subsurface Soil. Shallow Groundwater, and Deep Groundwak 
Comparison to SSLs, Tap Watcr RBCa, Salt Water Surface Water Chronic Screming Levels, and Background Conoentratiom: Tim One 
N A V B A S E - C ~ ~ ~ I C ~ ~ O Q  Zonc E: SWMUs 87 and 172 and AOC 564 
Charleston, South Carolina 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concm Con- 

NO NO NO 
NO NO NO 
NO NO NO 
NO YES YES 
NO NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
YES NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 

Screening Concentration 
Soil lo Salt Wtr. 
GW Tap Water Surf. Wlr. 
SSL RBC Chronic 

8000 3700 NA 
300 0.17 NA 

4000 1900 NA 
350 39 LO5 
300 0.15 
3.3 1 :4 NA 

11500 810 NA 
200 55 NA 

6500 1300 4.3 
10 4.1 
30 1.1 45 

6000 750 37 
71000 12000 NA 

285000 2200 9.7 
5900000 1IM)O NA 

2.33EM8 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

180 180 NA 
2000 180 NA 

N A 1 SO NA 
8500 270 19.7 
3000 540 
1000 0.44 19.9 

10000000 730 NA 
1800000 4: 8 NA 
2150000 1500 1.6 

63000 IS00 NA 
42000 1500 

15 0.56 7.9 
2100000 1100 NA 

1.5 0.037 NA 
5000 0.052 0.004 
5000 0.052 0.004 
8000 0.28 0.025 

27000 0.2 
16000 0.2 0.001 

2 0.0042 0.0019 
500 11 0.0023 
500 I I NA 

950 0.43 10 

41100 37000 NA 

Max Concentration 

Shallow Deep 
GW GW 

ND ND 
ND ND 
ND ND 
110 ND 

N D N D l m  
ND ND 

3 ND 
37 2 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
NTI ND 
ND ND 
ND ND 
M3 ND 
ND ND 
ND ND 
ND ND 
ND ND 
10 ND 
2 ND 
6 ND 

ND ND 
2 ND 

ND ND 
ND ND 
NI) ND 
NU IW 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

N D N D N D  
ND ND 

N I N D N D  

ND ND 

1010 ND 

& 

Paramelm 

Volatile O w i c  Compounds 
Acetone 
Bromodichlommethnne 
2-Butanonc (MEK) 
CNombcnzcne 
Chloroform 
Chlor~nethane 
I,] -Diohloroetbane 
1,Z-Dichlwoctbene (total) 
Ethylbenzene 
Mahylcnc ohloride 
T e t r a c h I 4 e n e  
Toluene 
Xylcne (total) 

Scmivolatile Orgmnic Campaunds 
Aacnaphthcnc 
AnUmsme 
Bcnzo(g,h,i)pcrylene 
Benzo(a)pyme cquivalcnts 

Bcnzo(a)nnthraocne 
Bmotabyrcne 
Beiuo(b)fluoranthene 
Bcnzo(k)flumthene 
Chrysene 
Dibenza(a,h)anhne 
lndcno(l.2,3sd)pyrmc 

4Chloro-3-methylphenol 
2-Chlorophmol 
Dibenzofkan 
1,2-Dich~mobcnzcn~ 
1 , 3 - D i c h l m h e n e  
I ,4-Diohlorobenzene 
Di-n-octylpMhalate 
bis(2-Ethyhwry1)phthalatc (BEHP) 
Fluoranthcne 
2-Methylnaphthalene 
Naphthalene 
Pentsohlwophcnol 

m e  

PesticidesfPCB Compounds 
delta-BHC 
alpha-Chlordane 
gcunmaChl~~dane 
4,4'-DDD 
4,4'-DDE 
4.4'-DDT 
Dieldrin 
Endrin 
Endrin aldehyde 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Inorganic Compounds 
Aluminum 

Soil Wakr 
Units Units 

uwo UCUL 

u m o  ucn 
u m o  uon 
u m c  UM. 

8 1 5 u m c  uoh 
u m o  uaz 
UGKG UW 

um~ u r n  
uwxo urn 

2560uculto uolr 

u a o  urn 
w o  UCYL 

m o  u a h  

u m o  uon. 
u m o  u w ~  
u m o  uaz 

vwwc u w  
u w w ~  u a  
uma UGL 

UWKG urn 
u ~ x o  u ~ .  

uwo v ~ .  

umco uon. 
ueiuo ucar 
u m o  
u m c  urn 
-0 u o h  

28 .5umco urn 
u m o  urn 
u m ~  urn 
uwvo urn 
w o  uw 
UGXG ULVL 

2 3 . 5 u m o  uon 
U ~ G  u m  
MG uw 

umco uaz 
u m o  u a t  
WG uoz. 
u r n  w ~ .  

0 . 1 4 u m a  uon  
u w o  v ~ .  

U(M(G UOR. 

wsra uan. 
u m a  U G ~  

NClKC POn 

M M ~ O  urn 

Max, Concentration 

Surface Subsdace 
Soil Soil 

300 100 
3 ND 
2 ND 

130 200 
12 
ND 7 
ND 43 
58 100 
17 4 
18 ND 

520 ND 
16 6 

180 26 

300 100 
60 ND 

220 59 

3 00 92 
3 70 240 
330 94 
340 69 
340 97 

92 ND 
200 58 
160 ND 
190 ND 
120 ND 

3500 850 
62 ND 

170 ND 
54 ND 

ND Nn 
680 170 

1900 47 
1800 220 

69 hl) 
610 1110 

4.83 ND 
48.8 ND 
55.5 ND 
156 ND 
664 ND 
70.3 ND 
290 
14.3 ND 
4.19 

1.45 ND 

25700 I1900 



Tablc 10.11.9.1 
Chemicals Dctcctcd in Surfacc Soil, Subnurfacc Soil, Shallow Groundwater, and Deep Groundwater 
Comparkum lo SSLa, Tap Water RBCa, Salt Water Surface Water Chronic Screening Levcls, and Background Concentrations: f icr One 
NAVBASE-Chrrrlcaton, Zone E: SWMUs 87 and 172 and AOC 564 
Charldoq South Carolina 

* Screening Concentrations: 
Soil to GW - Generic SSLa baaed on DAF = 10, adapted from 19% EPA Soil Screening Guidance or calculated using valucr born Tablc 6.2 
Tap Water RBC - From EPA Region 111 Rirk-Based Concentration Table, June 3, 1996 
Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletiru, Ecological Risk AssessmmL November. 1995; Table 2 

In each case, the value shown is the greater of the relevant screening value or the corresponding background reference value 

Unib: See nota for Tablc 10.1.5.1 

I 

Ground- SurfwX 
Wa(m Warn 

Leaclung Migration Migration 
Potential Concern Concern 

YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 

Soil Watcr 
Units Unit. 

MKG urn 
MCMiG UOR 

MGXG van 
M(M(G UO~L 

~ w a  U(VL 

M ~ G  u r n  

Parameter 

Antimony 
AI?Unic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

M ~ G  u r n  
~olvo uaz. 
MOiKG UWL 
MWKQ u a n  
~ c u ~ a  u a n  
M ~ G  V(YL 

 ma uon 
M ~ O  urn 
M ~ G  U O ~  

M ~ G  ucn 
 ma u r n  
M ~ G  U ~ L  

M M ~ G  UO~L 

Cobalt 
Copper 

cyanide 
Lead 
h h g m e s e  

M ~ v  
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanndium 
Zinc 

. .. 

Screening Concentration * 
Soil to Salt WIr. 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

2.5 I5 NA 
23.9 18.7 36 
820 2600 NA 
32 1.2 NA 
4 18 9.3 

94.6 37000 103 

Max. ConcenLration 

Surface Subsurface 
Soil Soil 

5.1 ND 
66.5 7.5 
49.7 29.5 

1.6 0.78 
0.64 ND 
143 21.8 

Mul Concentration 

Shallow Deep 
GW GW 

ND ND 
5.1 18.5 
18.9 ND 
ND ND 
ND ND 
ND ND 

19 2200 NA 
152 1500 2.9 
20 730 37.3 
400 15 8.5 
881 2560 NA 
2.6 11 0.2 
77.1 730 42.2 
2.5 180 71 
17 180 0.23 
2.8 2.9 21.3 
59.4 22000 NA 
3000 260 NA 
6000 11000 86 

24.3 3.6 
142 9.2 

1 0.59 
132 54.8 
495 97.8 
0.62 0.15 
14.1 7.3 
0.62 ND 
2.2 ND 
0.85 
10.1 4.7 
78.5 33.3 
295 31.8 

16.8 18.1 
2 ND 

ND ND 
ND ND 
261 1240 
ND ND 
9.3 18.7 
ND ND 
ND ND 

N D N D N D  
ND ND 
2.7 ND 
44.4 ND 
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Table 10.11.9.3 
Soil-to-Air Volatihmtion Screening Analysis 
NAVBASE-Charleston, Zone E: SWMUs 87 and 172 and AOC 564 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region I11 Risk-Based Concentration Table, June 1996. The value for 
2-Butanone (MEK) was estimated. 
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10.11.10 Fixed-Point Risk Evaluation for SWMUs 87 and 172 and AOC 564 

10.11.10.1 Site Background and Investigative Approach 

SWMU 87 is a former less-than-9Oday accumulation area (Building 80), which was used to store 

hazardous waste until 1994. SWMU 172 is the old steam cleaning operations area (3uilding 80). 

AOC 564 consists of a 300-gaIlon oillwater separator (Building 80). The following refers to 

these sites as combined SWMU 87. All are located in a highly industrialized portion of Zone E. 

As a result, the risk assessment for this site is presented as a FRE following the framework 

presented in Section 7.3. Due to their proximity, the investigational effort for these sites was 

combined, As a result. the risk evaluation will combine the environmental data from all three 

sites. 10 

A total of ten surface soil samples were considered in the combined SWMU 87 FRE. One was 1 1  

collected from SWMU 87, six were collected from SWMU 172, and three were collected from 12 

AOC 564. Two shallow monitoring wells and one deep monitoring well were installed as part 13 

of the 1995 RFI. Surface soil and groundwater data generated from the first-quarter RFI sampling 14 

event are used to represent point risWhazard for the combined SWMU 87 FRE. Sections 10.11.1 1s 

and 10.11.3 contain summaries of the sampling effort for combined SWMU 87 soil and 16 

groundwater. 17 

10.11.10.2 Fixed-Point Risk Evaluation for Soil 18 

Residential Scenario 19 

Table 10.11.10.1 provides CPSS summaries for combined SWMU 87 soil and identifies COPCs 20 

based on comparison to residential and industrial RBCs and background RCs. Based on residential 21 

RBCs, six COPCs (antimony, arsenic, BEQs, chromium, manganese, and dieldrin) were 22 

identified for combined SWMU 87 soil. Chromium, which predominantly exists in either the 23 

trivalent or hexavalent state, was identified as a COPC based on a conservative comparison of the 24 

maximum concentration (regardless of valence) to the RBC for its hexavalent species (39 mglkg). 25 

Analyses for hexavalent chromium in soil indicate that the trivalent valence state predominates for 26 
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combined SWMU 87 surface soil. The RBC for trivalent chromium is 7,800 mg/kg. Since it is 

evident that combined SWMU 87 soil chromium exists predominantly in the less toxic trivalent 

state, chromium was eliminated as a COPC. Aluminum, beryllium, thallium, and vanadium were 

detected in combined SWMU 87 soil at concentrations above their residential RBCs, but were 

eliminated from consideration in the residential FRE based on comparison to their background 

concentrations. Wilcoxon rank sum test analyses did not result in the inclusion of any parameter 

that had been screened out based on background concentration. 

Table 10.11.10.2 summarizes the residential COPCs detected at each combined SWMU 87 sample 

location, with contribution to risk and hazard. As shown, arsenic is the primary contributor to 

risk for combined SWMU 87, exceeding 1E-06 at a11 ten locations, and contributing to 

approximately 85-90% of the cumulative risk at each of these locations. However, arsenic was 

reported at a concentration greater than its corresponding RC at only one sampling location 

(NBCE87SB001). BEQs and dieldrin were secondary contributors to risk at combined SWMU 87. 

BEQ concentrations exceeded 1E-06 at eight of ten locations, while dieldrin exceeded 1E-06 at 

one location (NBCE087SB001). Figure 10.11.4 is a spatial presentation of residential risk 

estimates for combined SWMU 87 soil. For samples with concentrations of carcinogenic COPCs, 

risk estimates range from 1E-05 to 2E-04 with an arithmetic mean risk of 4E-05. 

HI projections exceeded the threshold of unity at 087B001 and 172B006. HI estimates range from 

0.2 to 3. Arsenic was the primary contributor to hazard, contributing more than 80% to the 

cumulative HI at each sampling location. Other contributors to the HI at combined SWMU 87 

include antimony, dieldrin, and manganese. However, none individually exceeded the target HI 

of 1.0 at any sample location. Figure 10.11.5 is a spatial presentation of residential HI estimates 

for combined SWMU 87. 
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I) 0 to 0.1 
0.1 to 0.6 
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Industrial Scenario 

Based on industrial RBCs, arsenic was identified as a COPC for combined SWMU 87 soil. 

Table 10.1 1.10.3 summarizes the industrial COPCs detected at each combined SWMU 87 sample 

location with contribution to risk and hazard, which for arsenic was 100%. Carcinogenic risk 

estimations exceeded 1E-06 at all ten sample locations, and ranged from 1E-06 to 2E-05. The HI 

for arsenic did not exceed the threshold of unity at any of the sample locations. Figure 10.11.6 

is a spatial presentation of risk estimates for the site worker scenario for combined SWMU 87. 

10.11.10.3 Fixed-Point Risk Evaluation for Groundwater 

Residential Scenario 

Table 10.11.10.4 provides CPSS summaries for combined SWMU 87 groundwater and identifies 

COPCs. Arsenic and manganese were identified as groundwater COPCs in the sample collected 

from the deep well (NBCE17202D); and 1,4dichlorobenzene, 1,2-dichloroethene (total), and 

chlorobenzene were identified as groundwater COPCs in the shallow aquifer. COPC identification 

was based on comparison of first-quarter groundwater concentrations to tap water RBCs, as well 

as corresponding background concentrations for inorganics. Arsenic and manganese were detected 

in combined SWMU 87 shallow groundwater at concentrations above their RBCs, but were 

eliminated from consideration in the FRE for shallow groundwater, based on comparison to their 

background concentrations. The maximum concentration of neither arsenic nor manganese 

reported in the deep well samples exceeded corresponding shallow aquifer RCs. Because there 

is no physical distinction between the two units, it is possible that deep well results are 

representative of natural conditions. Combined SWMU 87 groundwater data were not sufficient 

to perform Wilcoxon rank sum test analyses, and as a result, arsenic and manganese were 

eliminated from the shallow groundwater FRE based on direct comparison of their maximum 

concentrations to their background RCs. 



1E-6 to 5E-6 
5E-6 to 1E-5 
1E-5 to lE-4 CUMUL#TIVE SOIL RISK 

INDUSTRIAL SCENARIO 
SWMU 87,172 AOC 664 
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Table 10.11.10.5 summarizes the COPCs identified in combined SWMU 87 monitoring wells 

sampled during the firstquarter. Risk projections above 1E-06 were associated with the arsenic 

concentration in the groundwater sample collected from monitoring well NBCE17202D; and with 

the concentration of 1,4dichlorobenzene in the groundwater sample collected from well 

NBCE172001. Risk estimations were approximately 4 E 4  for arsenic, and 4E-6 for 

1,4-dichlorobenzene, respectively. Monitoring well 172W2 had no carcinogenic COPCs 

detected in the first-quarter groundwater sample. The arithmetic mean was calculated assuming 

a deminimus risk level of 1E-07 for locations were no carcinogenic COPCs were detected, and 

yielded a result of 1E-04. Figure 10.11.7 illustrates the groundwater data as a function of point- 

specific risk projections. 

Monitoring wells NBCE17202D and NBCE 17200 1 produced results corresponding with HIS above 

unity, as well. Arsenic and manganese were the sole contributors to HI projections for the sample 

collected from the deep well, while 1,2dichloroethene (total) and chlorobenzene contributed to 

the hazard in the shallow aquifer. HIS ranged ftom 2 (NBCE172001) to 7 (NBCE17202D). The 

arithmetic mean HI for combined SWMU 87 is 3. The arithmetic mean was calculated assuming 

a deminimus hazard level of 0.01 for locations were no noncarcinogenic COPCs were detected. 

Figure 10.11 -8 illustrates the groundwater data as a function of point-specific hazard projections. 

10.11.10.4 Uncertainty 

SWMU 87 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection 

due to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 
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Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commerciaI/industrial use of 

Zone E, specifically as a marine cargo terminal and drydocking facility. The ground surface 

around SWMUs 87 and 172, and AOC 564 is currently covered with either asphalt or concrete. 

As a result, chronic exposure to current soil condition is highly unlikely and the associated direct 

contact exposure pathways evaluations overestimate risk and hazard. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil andlor a house. 

Consequently, chronic exposure to current surface soil conditions would not be likely under any 

future use scenario. These factors indicate that exposure pathways assessed in this FRE would 

generally overestimate the risk and hazard posed to currentlfuture site workers and future site 

residents. 

Groundwater is not currently used as a potable water source at combined SWMU 87, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

COPC Selection 

Chromium was identified as a COPC in soil based on a conservative comparison to the RBC for 

the hexavalent species. Hexavalent chromium analysis was conducted on surface soil samples 

NBCE087CB001 and NBCE172CB003; the second of whch was collected at the same soil boring 
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which contained the maximum detected concentration of total chromium, 143 mglkg 

(NBCE087SB001). Hexavalent chromium was not reported above a detectable concentration at 

either location. Chromium was therefore eliminated as a soil COPC based on comparison to the 

RBC for trivalent chromium. Since hexavalent chromium was not detected at either location, 

uncertainty associated with the elimination of chromium as a COPC is expected to be minimal. 

Chromium was not detected in groundwater samples collected at combined SWMU 87. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for combined SWMU 87 The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risklhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, none was 

reported at a concentration within 10% of its RBC. 

Aluminum, beryllium, thallium, and vanadium were present in combined SWMU 87 soil at 

concentrations above RBC benchmarks and were eliminated from consideration in the FRE based 

on comparison to background concentrations. As a result, their contribution to risk and hazard 

has not been considered in this FRE. 

Arsenic exceeded its background concentration in only one of ten sample locations 

(NBCEO87SB001). Hence, while arsenic contributed to elevated risk and hazard projections, its 

maximum concentration was only marginally above its corresponding background concentration, 

and its average was below the background RC for arsenic across the combined sites. 
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Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to riswhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at a concentration within 10% of its MC). 

Arsenic and manganese were present in combined SWMU 87 shallow groundwater at 

concentrations above RBC benchmarks and were eliminated from consideration in the FRE based 

on comparison to background concentrations. As a result, their contribution to risk and hazard 

has not been considered in this FRE. They were, however, considered with respect to deep 

groundwater, although concentrations in this portion of the water-bearing zone were less than 

shallow background concentrations. 

10.11.10.5 FRE Summary 

The risk and hazard posed by contaminants at combined SWMU 87 were assessed for the future 

site worker and the future site resident as sample point-specific estimates. In surface soils, the 

incidental ingestion and dermal contact pathways are reflected. The groundwater FRE was based 

on first-quarter data and considers the ingestion and inhalation (VOCs only) pathways. Risk and 

HI estimates are presented on Tables 10.11.10.2, 10.11.10.3, and 10.11.10.5, such that a risk 

(E-06) or HI that exceeds one for any COPC at any given sample location is an indication that the 

concentration of that COPC exceeds its RGO. Section 7, Tables 7.1 1.1, 7.11.2, and 7.11.3 

provide residential, industrial, and residential groundwater RGOs, respectively, for all COPCs 

identified in Zone E. 
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Soil - Residential Scenario 

Arsenic, BEQs, and dieldrin were detected in combined SWMU 87 surface soil at concentrations 

above their residential RGOs 

Soil - Site Worker Scenario 

Arsenic was detected in combined SWMU 87 surface soil at a concentration above its industrial 

RGO. 

Groundwater - Residential Scenario 

Arsenic, manganese, 1,4dichlorobenzene, and chlorobenzene were detected in combined 

SWMU 87 groundwater at concentrations above their residential RGOs. 
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Table 10.11.10.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
SWMUs 87 and 17UAOC 564 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
087 BOO1 Antimony (Sb) 5.10 MGIKG NA 0.1748 5.26 
087 BOOl Arsenic (A$ 
087 8001 B(a)P Equiv. 
087 BOO1 Dieldrin 
087 BOOl Manganese (Mn) 

Total 

66.50 MGIKG 173.6981 89.97 3.0396 91.37 
533.74 UGIKG 8.8389 4.58 NA 
290.00 UGIKG 10.5260 5.45 0.0957 2.88 
56.60 MGIKG NA 0.0165 0.50 

193.0630 3.3266 

172 8001 Antimony (Sb) ND MGIKG N A NA 
172 8001 Arsenic (As) 16.50MGlKG 43.0980 87.10 0.7542 88.71 
172 BOO1 B(a)P Equiv. 385.34 UGIKG 6.3814 12.90 NA 
172 BOO1 Dieldrin ND UGIKG NA NA 
172 BOO1 Manganese (Mn) 329.00 MGlKG NA 0.0960 11.29 

Total 49.4794 0.8502 

172 8002 Antimony (Sb) 0.75 MGIKG NA 0.0257 3.59 
172 BOO2 Arsenic (As) 12.50 MGIKG 32.6500 80.25 0.5713 79.89 
172 BOO2 B(a)P Equiv. 485.23 UGIKG 8.0356 19.75 NA 
172 BOO2 Dieldrin ND UGlKG NA NA 
172 BD02 Manganese (Mn) 405.00 MGIKG NA 0.1181 16.52 

Total 40.6856 0.71 52 

172 BOO3 Antimony (Sb) ND MGIKG NA NA 
172 BOO3 Arsenic (As) 8.20 MGIKG 21.4184 94.62 0.3748 86.88 
172 8003 B(a)P Equiv. 73.57 UGIKG 1.2184 5.38 NA 
172 6003 Dieldrin ND UGIKG N A NA 
172 8003 Manganese (Mn) 194.00 MGlKG NA 0.0566 13.12 

Total 22.6368 0.4314 

172 BOO4 Antimony (Sb) NO MGlKG NA NA 
172 8004 Arsenic(As) 6.10MGlKG 15.9332 91.12 0.2788 86.67 
172 8004 B(a)P Equiv. 93.77 UGIKG 1.5529 8.88 N A 
172 8004 Dieldrin ND UGlKG NA NA 
172 BOO4 Manganese (Mn) 

Total 
147.00 MGIKG NA 0.0429 13.33 

17.4861 0.3217 

172 8005 Antimony (Sb) ND MGlKG NA NA 
172 8005 Arsenic (As) 4.80 MGIKG 12.5376 100.00 0.2194 94.21 
172 BOO5 B(a)P Equiv. ND UGIKG NA NA 
172 BOO5 Dieldrin ND UGfKG NA NA 
172 I3005 Manganese (Mn) 

Total 
46.20 MGIKG NA 0.0135 5.79 

12.5376 0.2329 



Table 10.1 I .I 0.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
SWMUs 87 and f 72lAOC 564 

NAVBASE-C harleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
172 BOO6 Antimony(Sb) ND MGIKG NA NA 
172 BOO6 Arsenic (As) 22.60 MGIKG 59.0312 98.26 1.0330 87.74 
172 BOO6 B(a)PEquiv. 63.06 UGIKG 1.0444 1.74 NA 
172 6006 Dieldrin ND UGIKG NA NA 
172 BOO6 Manganese (Mn) 495.00 MGIKG N A 0.1444 12.26 

Total 60.0756 1.1774 

564 BOO1 Antimony (Sb) ND MGlKG NA NA 
564 BOO1 Arsenic (As) 4.30 MGlKG 11.2316 100.00 0.1965 89.80 
564 BOO1 B(a)P Equiv. ND UGlKG NA NA 
564 BOO1 Dieldrin ND UGIKG NA NA 
564 BOO1 Manganese (Mn) 76.50 MG/KG NA 0.0223 10.20 

Total 1 I .2316 0.21 89 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Dieldrin 
Manganese (Mn) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Dieldrin 
Manganese (Mn) 

Total 

ND MGIKG NA NA 
3.60 MGIKG 9.4032 77.17 0.1645 91.41 

168.00 UGIKG 2.7821 22.83 NA 
ND UGIKG N A NA 

53.00 MGIKG N A 0.0155 8.59 
12.1853 0.1 800 



Table 10.1 1.10.3 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Industrial Scenario 
SWMUs 87 and 17ZIAOC 564 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index Oh HI 
087 BOO1 Arsenic (As) 66.50 MGJKG 24.5722 100.00 0.1529 100.00 

172 8001 Arsenic (As) 16.50 MGlKG 6.0969 100.00 0.0379 100.00 
Total 6.0969 0.0379 

8002 Arsenic (As) 
Total 

0003 Arsenic (As) 
Total 

B004 Arsenic (As) 
Total 

BOO5 Arsenic (As) . , 

Total 

8006 Arsenic (As) 
Total 

BOO1 Arsenic (As) 
Total 

8002 Arsenic (As) 
Total 

8003 Arsenic (As) 
Total 

6.10 MGlKG 2.2540 100.00 0.01 40 100.00 
2.2540 0.0140 

22.60 MGJKG 8.3509 100.00 0.0520 100.00 
8.3509 0.0520 

4.30 MGIKG 1.5889 100.00 0.0099 100.00 
1.5889 0.0099 

3.30 MGlKG 1.21 94 100.00 0.0076 100.00 
1.21 94 0.0076 

3.60 MGJKG 1.3302 100.00 0.0083 100.00 
1.3302 0.0083 
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Table 10.1 1.10.5 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
SWMUs 87 and 172lAOC 564 

NAVBASECharleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (EO6) % Risk Hazard Index % HI 
172 G02D Arsenic (As) 18.50 UGIL 412.7202 100.00 3.9422 53.35 
172 G02D Manganese (Mn) 1240.00 UGlL NA 3.4465 46.65 

Total 412.7202 7.3887 

172 GOO1 1,2-Dichloroethene (total) 37.00 UGlL NA 0.5256 24.89 
172 GOO1 1 ,4-Dichlorobenzene 6.00 UGIL 4.2834 100.00 0.0033 0.16 
172 GOO1 Chlorobenzene 110.00 UGIL N A 1.5831 74.96 

Total 4.2834 2.1 121 

172 GO02 1,2-Dichtoroethene (total) ND UGIL N A NA 
172 GO02 1,4-Dichlorobenzene ND UGIL NA NA 
172 GO02 Chlorobenzene ND UGlL NA NA 

Totai NA NA 
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0 1 11 Corrective Measures Considerations 

For SWMUs 87 and 172 and AOC 564, the upper and lower soil intervals and shallow and deep 

groundwater were investigated. Based on the analytical results and the risk assessment, COCs 

requiring further evaluation through the CMS process were identified for the upper soil interval 

and the shallow and deep groundwater. However, residential use of the site is not expected, based 

on current site uses and the nature of surrounding buildings. Current reuse plans call for 

continued comrnercial/industrial use. However, the industrial exposure risk for the upper soil 

interval exceeds IE-06 for arsenic. Risks associated with the upper interval are diminished 

because most of the site is capped with concrete and asphalt. 

Arsenic, BEQs, and dieldrin were identified as COCs in the upper soil interval. The soil pathway 

residential exposure risk ranges from 1E-05 to 2E-04 with the arithmetic mean risk of 4E-05. The 

HI estimates range from 0.2 to 3.0 with a mean HI of 0.7. The equated mean is between 

USEPA's acceptable ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI. Since all soil 

sample locations are covered with either concrete or asphalt and their combined equated mean 

residential risk and HI are within USEPA's acceptable ranges, no further action is recommended 

for those locations. 

Arsenic and manganese were identified in deep groundwater at concentrations equaling a risk 

above 1E-06 and/or HI above I, 4E-04 and 7, respectively. Arsenic drives the risk and the HI. 

Chlorobenzene, 1,4-dichloxobenzene, and l,2-dichloroethene were identified in the shallow 

groundwater at monitoring well NCBE172001 at concentrations that equal a risk above 1E-06 

andlor HI above 1, 4E-06 and 2, respectively. No plume is apparent in the shallow groundwater. 

Human health risk is not a significant factor since the groundwater is not a potable drinking water 

source and the associated risk is between USEPA's acceptable range of 1E-06 and 1E-04. 

However, further assessment is needed to evaluate the natural attenuation process and potential 
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discharge to surface water associated with arsenic and manganese in the deep groundwater and the I 

chloro-organics in the shallow aquifer. 2 

Potential corrective measures for the impacted media and respective COCs are in 3 

Table 10.11.11.1. 4 

Table 10.11.11.1 
Potential Corrective Measures for SWMUs 87 and 172 and AOC 564 

Medium Potential Corrective Measures 

Soil Arsenic a) No Action 

Deep Groundwater Arsenic and manganese a) No Action 
b) Intrinsic Remediation and 

Monitoring 
C) Ex-Situ, Chemical and 

Physical Treatment 

Shallow Groundwater CMorobenzene, 1,4- a) No Action 
dicfrtorobemene, and kt) Intrinsic Remediation and 
1,2-dichlarmthene (total) Monitoring 

c) Ex-Sib, Chemical and 
Physical Treatment 



Table of Contents 

. . . .  10.12 SWMU 97. Less-than-90-Day Accumulation Area. Building 236 10.12. 1 
. . . . . . . . . . . . . . . . . . . . .  10.12.1 Soil Sampling and Analysis 10.12.1 

. . . . . . . . . . . . . . . . . .  10.12.2 Nature of Contamination in Soil 10.12.3 
. . . . . . . . . . . . . . .  10.12.3 Groundwater Sampling and Analysis 10.12.8 

. . . . . . . . . . . .  10.12.4 Nature of Contamination in Groundwater 10.12-10 
. . . . . . . . .  10.12.5 Fate and Transport Assessment for SWMU 97 10.12.1 1 

10.12.5.1 Soil-to-Groundwater Cross-Media Transport: 
Tier One . . . . . . . . . . . . . . . . . . . . . . . . .  10.12-12 

10.12.5.2 Groundwater-to-Surface Water 
Cross-Media Transport: Tier One . . . . . . . .  10.12-12 

10.12.5.3 Soil and Groundwater-to-Surface Water 
Transport: Tier Two . . . . . . . . . . . . . . . . .  10.12.13 

10.12.5.4 Soil-to-Air Cross-Media Transport . . . . . . . .  10.12.13 
10.12.5.5 Fate and Transport Summary . . . . . . . . . . .  10.12-14 

10.12.6 Fixed-Point Risk Evaluation for SWMU 97 . . . . . . . . . . .  10.12- 18 
10.12.6.1 Site Background and Investigative Approach . 10.12-1 8 
10.12.6.2 Fixed-Point Risk Evaluation for Soil . . . . . . .  10.1 2-18 
f 0.12.6.3 Fixed-Point Risk Evaluation for Groundwater . 10.12- 19 
10.12.6.4 Uncertainty . . . . . . . . . . . . . . . . . . . . . . .  10.12-22 
10.12.6.5 FRESurnmary . . . . . . . . . . . . . . . . . . . . .  10.12.25 

10.12.7 Corrective Measures Considerations . . . . . . . . . . . . . . .  10.12.30 

List of Figures 

Figure 10.12.1 SWMU 97 Soil Sampling Locations . . . . . . . . . . . . . . . . . .  10.12.2 
Figure 10.12.2 SWMU 97 Monitoring Well Location . . . . . . . . . . . . . . . . .  10.12.9 
Figure 10.12.3 Point Risk Estimates for Groundwater - 

Future Residential Scenario . . . . . . . . . . . . . . . . . . . . . . .  10.12.20 
Figure 10.12.4 Point Hazard Index Estimates for Groundwater - 

Future Residential Scenario . . . . . . . . . . . . . . . . . . . . . . .  10.12.21 

List of Tables 

Table 10.12.1.1 SWMU 97 Soil Sampling Summary . . . . . . . . . . . . . . . . . .  10.12.3 
Table 10.12.2.1 SWMU 97 Organic Compounds Detected in Soil . . . . . . . . .  10.12.3 
Table 10.12.2.2 SWMU 97 Inorganic Detections for Soil . . . . . . . . . . . . . . .  10.12-5 
Table 10.12.3.1 SWMU 97 Groundwater Sampling Summary . . . . . . . . . . . .  10.12-10 
Table 10.12.4.1 SWMU 97 Inorganic Detections for First-Quarter 

Groundwater Monitoring Well . . . . . . . . . . . . . . . . . . . . .  10.12-1 1 
Table 10.12.5.1 Tier 1 Screening Comparisons . . . . . . . . . . . . . . . . . . . . . .  10.12.15 



. . . . . . . . . . . . . . . . . . . . . .  Table 10.12.5.2 Tier 2 Screening Comparisons 10.12-16 
Table 10.12.5.3 Soil-to-Air Volatilization Screening Analysis . . . . . . . . . . . .  10.12.17 
Table 10.12.6.1 Summary of Chemicals Present in Site Surface Soil . . . . . . . .  10.12-26 

. . . . . . .  Table 10.12.6.2 Summary of Chemicals Present in Site Groundwater 10.12.28 
Table 10.12.6.3 Point Estimates of Risk and Hazard from Groundwater . . . . .  10.12.29 
Table 10.12.7.1 Potential Corrective Measures for SWMU 97 . . . . . . . . . . . .  10.12-30 



Draft Zone E RCRA Facility lnvestigation Repon 
NAVBASE Charleston 

Section 10: Site-Spec@c Evaluations 
November 1997 

10.12 SWMU 97, Less-than-90-Day Accumulation Area, Buildirig 236 

SWMU 97 consists of a former less-than-90&y accumulation area located on the east corner of 

' Building 236. Wastes were stored in 55-galIon drums on pallets inside the 20' x 20' metal 

structure on an asphalt foundation. The storage area is currently empty and the dates of operation 

are not known. 

Materials of concern include freon, metals, solvents, and petroleum hydrocarbons. Potential 

receptors that may be exposed to site contaminants include current and future building users and 

any site workers this area may support following base closure. 

To fulfill the CSI objectives for SWMU 97, soil and groundwater samples were collected in 

accordance with the Final Zone E RFI Work Plan and Section 3 of this report to determine whether 

contamination resulted from onsite activities. 

10.12.1 Soil Sampling and Analysis 

Soil was sampled in one round at SWMU 97 from the location shown in Figure 10.12.1. The 

Final Zone E RFI Work Plan proposed collecting two soil samples from the upper interval and two 

samples from the lower interval. Soil samples were also collected at both intervals for the shallow 

monitoring well location proposed at this site. 

All proposed samples were collected and submitted for analysis at DQO Level Ill for organotins 

and the standard suite of parameters which includes VOCs, SVOCs, pesticidesIPCBs, metals, and 

cyanide. One upper-interval soil sample selected as a duplicate was analyzed at DQO Level IV 

for Appendix IX parameters to include the suite of parameters proposed for the site, plus a more 

comprehensive list of VOCs and SVOCs as we11 as herbicides, hexavalent chromium, 

organophosphorus pesticides, and dioxins. Table 10.12.1.1 summarizes soil sampling at 

SWMU 97. 



0 - CORE SAMPLES NAVAL BASE CHARLESTO - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 

CHARLESTON, S.C. 

- SEDIMENT SAMPLES 
- THICKNESS SAMPLES 

6 - MPE SAMPLES 
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Table 10.12.1.1 
SWMUW 

Soil Sampling Summary 

Samples Samples 

iJ~Per 3 3 Standard Suite', Srandard Suitea, None 
organoth arganotins 

Lower 3 3 Standard Suite', Standard Suite', None 

Nore: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticides/PCBs. 

10.12.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 10.12.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.12.2.2. Appendix H contains the complete 3 

data report for all samples collected in Zone E. 4 

Table 10.12.2.1 
SWMU 97 

Orgaoic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Corn PO und Intewd Detection Conc. Conc. RBC RBC 

Acetone u ? F  113 37 37 20,000,090 0 

b w e r  113 40 40 NA NA 

Methylene chloride upper 113 2 2 760,000 0 

svocs (&kg) 

A~enaphdtene UpPeZ 1 i3 54 54 12,000,000 0 
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Table 10.12.2.1 
SWMU 97 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

svocs b&) 

Berasic acid Upper 213 130 - 200 165 1a0,000,oOO 0 

Lower 213 110 - 300 205 NA NA 

Fluoranthem WW 2/3 66.0 - 95.5 SO. 8 8.ZQ0,OOO 0 

Lower 1 f3  68 58 N A NA 

Pentachlorophenol Upper 113 43 43 48,000 0 

Pyrene Upper 213 79.0 - 155 117 6,100,000 0 

Lower 113 100 100 N A N A 

SVOCs @(a)P Iiquivnlene) Olglkg) 

B(a)P Equiv. upper 213 54.8 - 83.8 69.3 780 0 

Lower 113 5.26 5.26 NA N A 

Lower 113 46 46 NA NA 

Lower 113 60 60 N A N A 

Chrysene upper 213 47.0 - 73.0 60 780.000 0 

Lower 113 60 60 N A N A 
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Table 10.12.2.1 
SWMU 97 

Organic Compounds Detected io Soil 

Number of 
Range of Mean of Samples 

Sampling Freq, of Detected Detected Industrial Exceeding 
Interval Detection Conc. Cone. RBC RBC 

Dieldrin Upper 113 5.5 5.5 360 0 

Heptachlor Upper 113 4.77 4.77 1,300 0 

Dioxins (ngkg) 

Dioxin Equiv. Uppef 111 0.304 0.304 1 ,m 0 

OCDD Upper 111 142 142 NA N A 

Notes: 
pglkg = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.U.2.2 
SWMU 97 

Inorganic lktcctiom for Soil (mg/Lg) 

Number of 
Range of Meau of 

Spmple Freq. of Detected 
h p k  

Detected Industrial Reference Excebdlag 
Element IatvrPl Ddectbn Conc. Conc. 

Alumiaum (Al) U P F  313 2,010 - 3,590 2,810 100,OOO 26,600 0 

Lower 3f 3 2,670 - 6,630 4,290 N A 41,100 NA 
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Table 10.12.2.2 
SWMUW 

Inorgauk Detections for Soil (mg/k@ 

Number of 
Range of Mc~n of Samples 

Sample Freq.of W e d  Detected Industrid Reference Exceeding 
Element Interval Detection Cone. Conc. RBC Conc. RflC and RC 

Arsenic (As) UFWr 313 0.870 - 4.90 3.49 3 .80 23.9 0 

Lower 313 1.40 - 4.40 3.13 N A 19.9 N A 

B a r n  (fla) Upper 313 3.20 - 18.0 13.0 €4,000 130 o 

Lower 313 11.7-31.1. 18.6 N A 94.1 NA 

Beryllium (Be) Upper 213 0.330 - 0.340 0.335 1.30 1.70 0 

Lower 313 0.130 - 0.350 0.263 N A 2.71 N A 

Cadmium (Cd) Upper 113 0,260 0260 100 1.50 0 

Lower 113 0.180 0.180 N A 0.960 NA 

Calcium (Ca) Upper 3/3 19.100 - 113.000 53,200 N A N A N A 

Lower 313 2 1,600 - 30.500 26.000 N A N A N A 

Cobalt (Co) U F P ~ ~  313 0.900 - 2. LO 1.63 12,000 19.0 0 

Lower 313 1.30 - 1.50 1 .40 N A 14.9 N A 

CQpfir 0 4  VPPr 313 1.90 - 8.20 5,23 8,200 66.0 0 

Lower 313 4.70 - 51.9 20.6 N A 152 N A 

Iron (Fe) Upper 313 1,050 - 6,380 3.480 61,000 N A 0 

Lower 3/3 2,420 - 5,520 4,060 N A N A N A 

hail (pb) U W r  3/3 1.50 - 41.2 26.5 1.m) 265 0 

Lower 313 12.5 - 20.5 16.6 N A 173 N A 

Magnesium (Mg) Upper 313 3% - 2,4M 1.500 N A N A N A 

Lower 313 743 - 1.350 995 N A N A N A 

Nickel (Ni) Upper 313 1.90 - 5.50 4.00 4,100 77. I 0 

Lower 313 3.60 - 9.10 5.87 NA 57.0 N A 
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Table 10.12.2.2 
SWMU 97 

Inorganic Detections for Soil (mgtkg) 

Number of 
Range of Mean of Samples 

SMpIe Frea. of Detected Detected Iadustrial Reference Exacedina 
Element Conc. Conc. RBC 

Potassium (K) U P P ~  3W 511 - 93cl 712 NA NA NA 

Lower 313 814- 1 3 0  940 NA N A N A 

Sodium (Na) Upper 213 438 - 684 56 1 N A N A N A 

Lower 313 270-511 367 N A N A N A 

Vanadium (V) Upper 313 2.20 - 9.60 5.53 1,400 94.3 0 

Lower 313 8.40 - 31.2 17.0 N A 155 N A 

Zinc (Zn) upper 3 3  4.M - 31.9 21.7 51,000 827 Q 

Luwcr 313 18.9 - 46.2 29.6 N A a85 NA 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No RBC or RC established 

Volatile Organic Compounds in Soil 

Two VOCs - acetone and methylene chloride - were detected in soil samples collected at 

SWMU 97. Two detections occurred in both the upper and lower intervals. Neither VOC was 

detected above its respective industria1 W C  in the upper interval or respective SSL in the lower 

interval. 

Semivolatile Organic Compounds in Soil 

Eight SVOCs were detected in soil samples collected at SWMU 97. Eleven detections occurred 

in the upper interval and four in the lower interval. No SVOC exceeded its respective industrial 

RBC in the upper interval or respective SSL in the lower interval. 
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In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at SWMU 97. The 

BEQ was calculated for two upper-interval samples with a range of 54.8 to 83.8 pgfkg and a mean 

of 69.3 pglkg. The BEQs did not exceed the benzo(a)pyrene industrial RBC of 780 pg/kg. 

Pesticides and PCBs in Soil 

Seven pesticides were detected in upper-interval soil samples collected at SWMU 97. No detected 

pesticide exceeded its respective industrial RBC in the upper interval. No pesticides were detected 

in the lower-interval samples. No PCBs were detected in soil samples collected at SWMU 97. 

Other Organic Compounds in Soil 

Five dioxins were detected in the duplicate upper-interval soil sample collected at SWMU 97. No 

industrial RBCs have been established for the detected dioxins. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for the 

upper-interval duplicate sample. The calculated TEQ was 0.304 @kg, which did not exceed the 

industrial RBC of 1,000 ng/kg. 

Inorganic Elements in Soil 

Nineteen metals were detected in soil samples collected at SWMU 97. Fifty detections occurred 

in both the upper and lower interval. No metal exceeded both its respective industrial RBC and 

background RC in the upper interval or respective SSL and background RC in the lower interval. 

10.12.3 Groundwater Sampling and Analysis 

One shallow monitoring well was installed and sampled to assess groundwater quality at 

SWMU 97 as shown in Figure 10.12.2. The well was installed as follows: 

Shallow Well installed at SWMU 97 - NBCE097001 



@ - DEEP MONITORING WELE 
@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 
A - SEDIMENT SAMPLES 
0 - THICKNESS SAMPLES 
6 - WPE SAMPlES 
@ - SURFACE WATER SAMPLES 
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Groundwater samples were submitted for analysis at DQO Level III for VOCs, SVOCs, 1 

pesticides/PCBs, metals, cyanide, chlorides, sulfates, TDS, and organotins . No samples were 2 

selected as duplicates at this site. Table 10.12.3.1 summarizes groundwater sampling and analysis 3 

at SWMU 97. 4 

Table 10.12.3.1 
SwMtJ 97 

Groundwater Sampling Summary 

Wells Wells 

Shallow 1 1 Sldard Suiteb, chtcblorides, Standard Suiteb, chlorides, None 
TDS, sulfates, and TDS, sulfates, and 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs. 

The shallow monitoring well was installed at 13.1 feet bgs in the surficial aquifer in accordance 5 

with Section 3.3 of this report. 6 

10.12.4 Natwe of Contamination in Groundwater 7 

Inorganic analytical results for groundwater are summarized in Table 10.12.4.1. No organic 8 

compounds were detected at this site. Appendix H contains the complete data report for all 9 

samples collected in Zone E. 10 

Inorganic Elements in Groundwater 11  

Shallow Groundwater 12 

Five metals were detected in the shallow groundwater sample collected at SWMU 97. Two metals 13 

- antimony and arsenic - exceeded both their respective tap-water RBC and background shallow 14 

groundwater RC . 15 
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Table 10.12.4.1 
SWMU97 

Inorganic Detections for First-Quarter Groundwater W L )  
Shallow M o n i t o ~ g  Well 

Number of 
Range of Mean of Samples 

Frea. of Detected Detected Tap Water Reference Exceeding 
Element ~et&ion, Conc. . Conc. - RBC Conc. MCL R B C a n d ~ c  

Aluminum (Al) 111 '109 109 3,700 2$10 NA 0 

Antimony (Sb) ]/I 5.10 5.10 1.50 N A 6.00 1 

Arsenic (As) 1 /I  31.5 31.5 0.0430 18-7 30.0 1 

Chromium (Cr) 111 1.50 1.50 18.0 12.3 100 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No MCL established 

Antimony was detected in well NBCE097001 (5.10 pg/L), exceeding its tap-water RBC of 1 

1.50 pg/L. No shallow groundwater RC or MCL has been established for antimony. 2 

Arsenic was detected in well NBCE097001 (31.5 pglL), exceeding both its tap-water RBC of 3 

0.0450 pg lL  and its shallow groundwater RC of 18.7 pg/L. The sample did not exceed the 4 

arsenic MCL of 50.0 pg/L. 5 

10.12.5 Fate and Transport Assessment for SWMU 97 6 

SWMU 97 consists of a former metal structure on asphalt, surrounded by pavement with 7 

engineered drainage. Environmental media sampled as part of the SWMU 97 CSI include surface 8 

soil, subsurface soil, and shallow groundwater, Potential constituent migration pathways 9 

investigated for SWMU 97 include soil to groundwater, groundwater to surface water, surface lo 

soil to sediment, and emission of volatiles from surface soil-to-air. I I 
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10.12.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.12.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or (b) background RCs. 

To provide a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed 

to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil ( D M =  10). 

Two organic constituents (pentacMoropheno1 and dieldrin) were detected in SWMU 97 surface soil 

above groundwater protection SSLs. Neither of these organic constituents was detected in 

subsurface soil or first-quarter groundwater samples, indicating that the current soil-groundwater 

equilibrium is sufficiently protective of the surficial aquifer. Both chemicals were detected at 

concentrations above their corresponding SSLs in only one sample, but the maximum reported 

concentrations were below RBCs for soil. No inorganic constituents were detected in soil above 

their respective groundwater protection SSLs or background reference values. 

10.12.5.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.12.5.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or (b) background RCs for groundwater, as well as to the saltwater 

surface water chronic values. To provide a conservative first-tier screen, no attenuation or 

dilution of constituents in groundwater is assumed before comparison to the relevant standards. 

No organic constituents were detected in SWMU 97 shallow groundwater. Arsenic was the only 

inorganic constituent detected in shallow groundwater at a concentration that exceeded its 

background reference value for groundwater. However, the maximum detected concentration of 
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3 1.5 pg/L is below arsenic's MCL of 50 pg/L. No constituents were detected at concentrations 

exceeding salt water surface water chronic screening levels. 

10.12.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.12.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soiI is assumed (DM= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for combined SWMU 97 is 108,000: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.12.5.4 Soil-to-Air Cross-Media Transport 

Table 10.12.5.3 lists the two VOCs detected in surface soil samples collected at SWMU 97 along 

with corresponding soil-to-air volatilization screening levels. Little or no surface soil is exposed 

at SWMU 97. In addition, neither of the VOCs was reported at a maximum concentration 

exceeding its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air 

migration pathway is not expected to be significant at SWMU 97. 



Drq? Zone E RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations - .  

November 1997 

10.12 S.5 Fate and Transport Summary 

In the first-tier screen, two organic constituents (pentachlorophenol and dieldrin) were detected 

above their generic groundwater protection SSLs in the same surface soil sample, but were not 

detected in subsurface soil or groundwater samples. Arsenic exceeded its background reference 

value in the single first-quarter sample from the shallow aquifer, but its concentration in this 

sample was still below its respective MCL. 

None of the constituents exceeding first-tier screening values also exceeded the adjusted screening 

values of the second-tier comparisons, indicating that there is no threat to surface water in the 

Cooper River via the evaluated migration pathways. 



Table 10.12.5.1 
Chcmicala Detected in Surface Soil, Subsurface Soil and Shallow Groundwater 
Comp.rison to SSLa, Tap Watcr R B Q  Salt Water Surface Water Chronic Screening Lsvcla, and Background ConcenWim: Tier One 
NAVBASE-Chsrlcrton. Zone E: SWMU 97 
Charleston, South Carolina 

Screening Concentrations: 
Soil to G W  - Ge-neric SSLs based on DAF = 10, adapted from 1996 EPA Soil Screening Guidance or calculated using values h m  Table 6.2 
Tap Water RBC -From EPA Region 111 R i s k - B d  Concentration Table, June 3,1996 
Salt Wakr Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk W m c n f  November, 1995; Table 2 

In each case, the value shown la the greater of the relevant s c r c h g  value or the wmsponding background rcfrrnrcc value 

Ground- Sttrfmx 
Water Watcr 

Lcaching Migration Migration 
Potential Concern Con- 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Units: See notn for Table 10.1.5.1 

Soil Water 
Units Unitr 

U ~ G  UM 

umc u r n  

m a  u o n  
umc UM 

UO~KC uon 

u m o  urn 
u w o  urvr 
u m a  u r n  
u m a  ucm 
m a  ~ 3 %  

U ~ G  urn 
u m a  V O ~  

m o  uan 
uaoco UM 

uaxo urn 
u w o  ua% 

u w o  U C ~ L  

U ~ G  urn 
u m a  urn 
u m o  urn 
m o  ucbz 
m c  uon. 
WG urn 

~ O N Q X C  P(M. 

~ m c a  uoz 
~ a ~ a  UM 

MO/KC UWL 

wc urn 

M ~ K G  UOR. 

M ~ G  

1 0 3 ~ m a  UWL 
m o  urn 
MO~XG U(YL 

MMG u o n  
MWO ucm 
~ a w a  ucn 
MO/KO ~ c l h  

 ma urn 
MMG ucbz 

P88mcttr 

Volmtile Orgaoic Compounds 
Aoctmc 
Methylme chloride 

Semivolatile Organic Compounds 
Aoenspbthme 
Benzoio acid 
Bnuo(g,h,i)perylene 
Bnuo(s)pyrme equivalcnls 

B m z o ( a ) a n ~ c  

B n u o ( a ) p ~ e  
B ~ ) f l u o r a n t h c n e  
B~o(k)fluonnthmc 

(=Y='=C 
Indeno(l,2,3-0d)pyrrne 

4-ChIoro-3-mcthylphcnol 
Fluorsnthcne 
Pcnt.cYarophcnol 
P h ~ l l ~ b e  

e 

PesticidesfPCB Compounds 
alphbChlordane 
pmma-Chlordane 
4,4'-DDE 
Diddrin 
Endrin 
Hcphhlor 
Heptaohlor cpoxide 

Dlorin Compounds 
Dioxin (TCDD TEQ) 

Inorganic Compounds 
Aluminum 
Antimony 
Arsenic 

Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 

COPF 
Lead 
Manganese 
Nickel 
Tin 
Vanadium 
Zinc 

Max. Cmcentration 

Shallow Deep 
GW GW 

ND NA 
ND NA 

ND NA 
ND NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

ND NA 

109 NA 
5.1 NA 

31.5 NA 
ND NA 
ND NA 
ND NA 
1.5 NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

12.6 NA 
ND NA 

Max. Conccntratioo 

Surface S W B C C  
Soil Soil 

40 40 
2 1 

54 ND 
200 300 

55 ND 

78 46 
66 ND 
70 ND 
61 60 
92 60 
47 ND 
67 ND 

110 68 
43 ND 
76 ND 

190 100 

97 ND 
260 ND 
15.1 ND 
5.5 ND 

4.91 ND 
7.7 ND 

7.37 ND 

0.304 ND 

3540 6630 
ND ND 
4.9 4.4 
18 31.1 

0.34 0.35 
0.26 0.18 
54.9 40.1 
2.1 1.5 
8.2 51.9 

41.2 20.6 
179 82 
5.5 9.1 
2.6 2.6 
9.6 31.2 

31.9 46.2 

Screening Gmccntmlion * 
Soil to Salt Wtr. 

GW Tap Water Surf. Wtr. 
SSL RBC Chmnic 

8000 3700 NA 
10 4.1 2560 

285000 2200 9.7 
200000 150000 NA 

2.3E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 
7000 0.092 NA 
3150 180 NA 

2150000 1500 1.6 
15 0.56 7.9 

690000 1500 NA 
2100000 1100 NA 

5000 0.052 0.004 
5000 0.052 0.004 

27000 0-2 0.14 
2 0.0042 0.0019 

500 11 0.0023 
11500 0.0023 0.0036 

350 0.0012 0.0036 

950 0.43 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 
32 1.2 NA 

4 18 9.3 
94.6 37000 

19 2200 NA 
152 1500 2.9 
400 15 8.5 
881 2560 NA 

77.1 730 42.2 
59.4 22000 NA 

3000 260 NA 
6000 11000 86 
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Table 10.12.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston. Zone E: SWMU 097 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region III Risk-Based Concentration Table, June 1996. 



Drafl Zone E RCRA Faciliry Investigation Repon 
NA VBASE Charleston 

Section 10: Site-Spec$c Evalua~ions 
November 1997 

10.12.6 Fixed-Point Risk Evaluation for SWMU 97 

10.12.6.1 Site Background and Investigative Approach 

SWMU 97 is a former less-than-90day accumulation area (Building 236), which was once used 

to store hazardous waste, and is located in a highiy industrialized portion of Zone E. As a result, 

the risk assessment for this site is presented as a FRE following the framework presented in 

Section 7.3, 

A total of three surface soil samples were considered in the SWMU 97 FRE. One shallow 

monitoring well was installed as part of the 1995 RFI. Surface soil and firstquarter groundwater 

data generated from RFI sampling activities are used to represent point risWhazard for the 

SWMU 97 FRE. Sections 10.12.1 and 10.12.3 contain summaries of the sampling effort for 

SWMU 97 soil and groundwater. 

10.12.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.12.6.1 provides CPSS summaries for SWMU 97 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and background RCs. Concentrations of arsenic, 

berylIium, and chromium were reported at levels exceeding residential RE3Cs. However, none of 

the reported concentrations for these chemicals exceeded corresponding background RCs. 

Therefore, no COPCs were identified in surface soil for the residential scenario at SWMU 97. 

SWMU surface soil data were not sufficient to perform Wilcoxon rank sum test analyses, and as 

a result, arsenic, beryllium, and chromium were eliminated from the soil FRE based on direct 

comparison of their maximum concentrations to their background RCs. 
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Industrial Scenario 

Arsenic concentrations were reported at levels exceeding industrial RBCs. However, none of the 

reported concentrations for arsenic exceeded its corresponding background RC. Therefore, no 

COPCs were identified in surface soil for the industrial scenario at SWMU 97. 

10.12.6.3 Fixed-Point Risk Evaluation for Groundwater 

Residential Scenario 

Table 10.12.6.2 provides CPSS summaries for SWMU 97 groundwater and identifies COPCs. 

Antimony and arsenic were identified as groundwater COPCs in the shallow aquifer. COPC 

identification was based on comparison of frrst-quarter groundwater concentrations to tap water 

RBCs, as well as corresponding background concentrations for inorganics. Vanadium was 

detected at a concentration exceeding its background concentration, but was eliminated from 

further consideration because it did not exceed its corresponding tap water RBC. 

Table 10.12.6.3 summarizes the COPCs identified in the SWMU 97 monitoring well sampled 

during the first quarter. Risk projections above 1E-06 were associated with the arsenic 

concentration in the groundwater sample collected from monitoring well NBCE097001. The risk 

estimate was approximately 7E-4 for arsenic. Figure 10.12.3 illustrates the groundwater data as 

a function of point-specific risk projections. 

Monitoring well NBCE097001 produced results corresponding with an arsenic HI above unity, 

as well. Arsenic was the primary contributor to HI projections for the corresponding groundwater 

sample. The reported concentration of antimony yielded an individual hazard quotient of 0.8. The 

hazard quotient for arsenic was approximately 7, contributing to a cumulative HI of 8. 

Figure 10.12.4 illustrates the groundwater data as a function of point-specific hazard projections. 
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10.12.6.4 Uncertainty 

SWMU 97 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions 

made in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued cornmercial/industrial use of 

Zone E, specifically as a marine cargo terminal and drydocking facility. The ground surface 

around SWMU 97 is currently covered with either asphalt or concrete. As a result, chronic 

exposure to current soil condition is highly unlikely and the associated direct contact exposure 

pathways evaluations overestimate risk and hazard. If this area were to be redeveloped, the 

buildings and other structures would be demolished, and the surface soil conditions would likely 

change - the soils could be covered with landscaping soil and/or a house. Consequently, chronic 

exposure to current surface soil conditions would not be likely under any future use scenario. 

These factors indicate that exposure pathways assessed in this FRE would generally overestimate 

the risk and hazard posed to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at combined SWMU 97, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 
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constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

COPC Selection 

4-Chloro-3-methylphenol was detected in 1 of 3 surface soil samples at a concentration of 

67 pgfkg. There are no RBCs listed for this chemical in the Region III RBC tables, nor are there 

toxicological data with which to calculate a RBC. As a result, 4-chloro-3-methylphenol was not 

included in the FRE for SWMU 97. The maximum 4-chloro-3-methylphenol concentration did 

not exceed the RBC for 2chlorophenol(39,000 ,ug/kg). This minimizes the uncertainty associated 

with the elimination of 4-chloro-3-methylphenol from consideration in the FRE. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for SWMU 97. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens, the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combition with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, only 

BEQs and manganese were reported at concentrations within 10% of their RBCs. 

Arsenic, beryllium, and chromium were present in SWMU 97 surface soil at concentrations above 

RBC benchmarks and were eliminated from consideration in the FRE based on comparison to 

background concentrations. As a result, their contribution to risk and hazard has not been 

considered for the surface soil pathways in this FRE. 
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Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at a concentration within 10% of its RBC. 

Because data was collected from only one monitoring well at SWMU 97, inherent uncertainty is 

great. A comparison of the maximum reported concentrations of antimony and arsenic at 

SWMU 97 was made with antimony and arsenic concentrations reported at nearby wells 

(NBCE583W02D, NBCE586001, and GDEGWO10) in an effort to reduce uncertainty and help 

to define the extent of contamination at SWMU 97. Antimony was not reported in groundwater 

samples collected from these nearby wells at a detectable concentration. Arsenic was reported at 

15.6 mglL (NBCE583W02D), 11.4 mg1L (NBCE586001), and 7.2 mg/L (GDEGWOIO). None 

of these concentrations exceeded arsenic's RC of 18.7 mg/L, and were all less than the maximum 

reported concentration of arsenic at SWMU 97, 3 1.5 mg/L. 

In addition, monitoring well NBCE097001 was assumed to be a hypothetical future well supplying 

potable water to a single household. In this scenario, quarterly sample results from NBCE097001 

were used to monitor SWMU 97 groundwater COPCs for a year, Concentrations previously 

addressed in this FRE were collected during the first sampling quarter. Antimony was not 

reported at a concentration above a detectable limit during the second, third, or fourth quarters of 

sampling. Arsenic concentrations, however, were detected at 38.7 mg/L in the second quarter of 

sampling and 4.0 mg/L in the third quarter of sampling. The fourth quarter sample was non- 

detected for arsenic. The arithmetic mean of arsenic concentrations collected quarterly from 

monitoring well NBCE097001 is 19 mg/L, which is only slightly greater than its background RC 

of 18.7 mg/L, and could be indicative of ambient concentrations. 
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Based upon proximate well and subsequent quarterly results at NBCE097001, it is considered that 

risk and hazard posed by antimony and arsenic have been overestimated in this FRE. Antimony, 

although considered a COPC, yielded an individual hazard quotient less than unity, and was only 

reported in the original firstquarter sample. Arsenic was detected at concentrations greater than 

its corresponding background RC, only in the first two quarters of sampling at NBCE097001. The 

two latest sampling rounds yielded arsenic concentrations less than the RC, and/or detection limit, 

indicating that arsenic risk and hazard is likely an overestimate. Arsenic quarterly results also 

indicate considerable variability spanning over an order of magnitude between sampling events. 

10.12.6.5 FRE Summary 

The risk and hazard posed by contaminants at SWMU 97 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first- 

quarter data and considers the ingestion and inhalation (VOCs only) pathways. Risk and HI 

estimates for the groundwater pathway are presented on Table 10.12.6.3, such that a risk (E-06) 

or HI that exceeds one for any COPC at any given sample location is an indication that the 

concentration of that COPC (arsenic) exceeds its RGO. Section 7, Table 7.12.1 provides 

residential groundwater RGOs for COPCs identified in Zone E. 

Soil - Residential Scenario 

No COPCs were detected in SWMU 97 surface soil at concentrations above their residentiaI 

RGOs . 

Soil - Site Worker Scenario 

No COPCs were detected in SWMU 97 surface soil at concentrations above their industrial RGOs. 

Groundwater - Residential Scenario 

Arsenic was detected in SWMU 97 groundwater at concentrations above its residential RGO. 

10.12-25 
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Table 10.12.6.3 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
SWMU 97 

NAVBASECharleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
097 GO01 Antimony (Sb) 5.10 UGtL NA 0.8151 10.83 
097 GOO1 Arsenic (As) 31 -50 UGiL 702.7397 100.00 6.7123 89.17 

Total 702.7397 7.5274 
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10.12.7 Corrective Measures Considerations 

For SWMU 97, the upper and lower soil intervals and the shallow groundwater were investigated. 

Based on the analytical results and the risk assessment, COCs requiring further evaluation through 

the CMS process were identified for the shallow groundwater. However, residential use of the 

site is not expected, based on current site uses and the nature of surrounding buildings. Current 

reuse plans call for continued commerciallindustrial use. Little risk is associated with the upper 

interval; additionally, the site soil is capped with asphalt. 

Arsenic and antimony were identified in the shallow groundwater at concentrations equaling a risk 

of 7E-04 and an HI of 7.5. The single groundwater monitoring well installed is insufficient for 

determining whether a plume exists. No plume is apparent in the shallow groundwater. Human 

health risk may not be a significant factor since the groundwater is not a potable drinking water 

source even though the associated risk is above USEPA's acceptable range of 1E-06 and 1E-04. 

Further assessment is needed to evaluate the natural attenuation process and potential discharge 

to surface water associated with arsenic in the shallow groundwater. 

Potential corrective measures for the impacted medium and the COC are in Table 10.12.7.1. 

Table 10.12.7.1 
Potential Corrective Measures for SWMV 97 

Medium Compounds Potential Corrective Measures 

Shallow Grdwitter  Arsenic a) No Action 
b) lminsic Remediation awl 

Monitoring 
€3 En-Sim, Chemical and 

Pbysid Treatment 
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10.19 AOC 525, Paint Booth No. 35, Building 223 

AOC 525 is a paint booth (No. 35) in Building 223. Booth 35 is the oldest of the paint booths 

and is used to paint miscellaneous parts, The booth is 20' x 20' x 15' with a 3' diameter, 15 ' high 

stack and operates under a South Carolina Bureau of Air Quality Control Pennit. Before 1972, 

water used to capture paint dust from the booths was discharged directly into the storm sewer 

system. 

Materials of concern for AOC 525 identified in the Final Zone E RFI Work Plan include paints 

and solvents. Potential receptors that may be exposed to site contaminar~ts include current and 

future building users and any site workers this area may support followin,p base closure. 

To fulfill the RFI objectives for AOC 525, soil and groundwater were sarnplled in accordance with 

the Final Zone E RFI Work Plan, and Section 3 of this report to determine whether any 

contamination resulted from onsite activities. 

10.19.1 Soil Sampling and Analysis 

Soil was sampled in one round at AOC 525 from the locations shown in Figure 10.19.1. The 

Final Zone E RFI Work PEan, proposed collecting three soil samples from the upper interval and 

three samples from the lower interval. Soil samples were also collected al: both intervals for the 

shallow monitoring well location proposed at this site. 

All proposed samples were coUected and were submitted for analysis ;it DQO Level IU for 

organotins and the standard suite of parameters which includes VOCs, SVOCs, pesticidesIPCBs, 

metals, and cyanide. No samples were selected as duplicates at AOC 525, Table 10.19.1.1 

summarizes soil sampling at AOC 525. 
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Table 10.19.1.1 
AOC 525 

Soil Sampling Summary 

Samples Samples 
ollected Deviations 

Upper 4 4 Standard Suite', Standard Sui tea, None 
otganotins organotins 

Lower 4 4 Standard Suitea, Standard Sui tea, None 
organotins organotins 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticides/PCBs 

10.19.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Tabie :LO. 19.2,1. Inorganic 2 

analytical results for soil are summarized in Table 10.19.2.2. Appendix H contains the complete 3 

data report for all samples collected in Zone E. 4 

Table 10.19.2.1 
AOC 525 

Organic Compounds DeCected in Soil k k g )  

Number of 
Range of Mean of Samples 

Sampling Fteq. of Detected Detected Industrial Exceeding 
Compound Interval De&ction Conc. Cone, KBC RBC 

Acetone 

Lower 414 49.0 - 3,900 1,020 N A N A 

Lower 314 3.00- 11.0 4-00 IUA N A 

Xylene (Total) Lower 1 I4 2.00 2.00 IV A NA 
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Table 10.19.2.1 
AOC 525 

Organic Compounds Detected in Soil &/kg) 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected lnriustrhl Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Lower 1 14 94.0 94.0 N A N A  

Dibenzo furan Upper 114 90.0 90.0 8;!0,000 0 

Di-n-butylphthdate Lower 114 1 40 140 NA N A 

Lower 114 160 160 N A N A 

Lower 414 89.0 - 310 177 NA N A  

Fluorene Upper 114 170 170 8,200,000 0 

Lower 114 94.0 94.0 N A N A 

tower 3 14 86.0 - 330 185 N A N A 

Lower 314 150 - 280 213 N A  NA 

SVOCs (B(a)P Equivalents) 

B(a)P Equiv . Lower 214 0.0980 - 117 58.5 NA N A 

Benzo(a)anthracene Lower 1 /4 100 100 N A N A 

Benzo(b)lOworanthene Lower 114 88.0 88.0 N A NA 

Benzo(k)fluoranthene Lower 114 93 .O 93 .O N A NA 

Benzo(a)pyrene Lower 114 97.0 97.0 N A N A 

Chrysene Lower 214 98.0 - 180 139 V A NA 
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Table 10.19.2.1 
AOC 525 

Organic Compounds Detected in Sod (pglkg) 

Range of Mean of 
Number of 

Samples 
Sampling Freq. of Detected Detected In3dustrial Exceeding 

Compound Interval Detection Cone. Conc. RBC RBC 

Pesticides 

4,4'-DDD Upper 1 I4 8.20 8.20 24,000 0 

Lower 214 5.80 - 30.0 17.0 NA NA 

Lower 314 4.50 - 58.0 25.8 N A NA 

Upper 1 I4 3.60 3 -60 17,000 0 

Lower 214 4.40 - 5.10 4.75 N A N A  

Di&Irin upper 114 3.20 3.20 360 0 

Endrin Upper 3 14 4.60 - 43 .O 18.9 6'1,000 0 

Lower 1 /4 40.0 40.0 N A NA 

Heptachbr 4/4 3.30 - 54.0 172! 1,300 0 

Lower 114 24.0 24.0 N A NA 

Notes: 
wg/kg = Micrograms per kilogram 
RBC = Risk-based concentdon 
NA = No industrial soil RBC established 

Table 10.193.2 
AOC 525 

lnorgauic Detections for Soil (mgkg) 

Rouge of Mean of 
Number of 

Sam~les 
Sample Freq, of Detected Detected Industrial Reference ~ x c e d d i ~  

Element Interval Detection Conc. Cone. RBC Conc. RBC and RC 

Lower 414 4,550 - 5,560 5,010 NA 41,100 NA 
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Table 10.1922 
AOC 525 

Inorganic Detections for Soil (mg/kg) 

Number of 
Range of Mean of Samples 

Snmple Freq. of Detected Detected Industrial Reference Exceeding 
Element Interval Detection Conc. Conc. RBC Conc. RBC and RC 

Antimony (Sb) Upper 114 0.490 0.490 82 1.77 0 

Lower 3 I4 0.540 - 0.950 0.703 N A 1.60 N A 

Arsenic (As) Upper 414 1.60 - 4.00 2.65 3.80 23.9 0 

Barium (Ba) U W ~  414 9.80 - 22.3 16.4 14,000 130 0 

Lower 414 22.6 - 52.9 38.0 NA 94.1 N A 

Beryllium (Be) Upper 414 0.1 10 - 0,200 0.150 1.30 1.70 0 

Lower 4 4  0.240 - 0.390 0.3 15 NA 2-71 NA 

Cadmium (Cd) Upper 114 0.130 0.130 100 1.50 0 

Lower 314 0.120-0.520 0.357 N A 0.960 NA 

Calcium (Ca) Upper 414 141 - 11,200 3,550 NA N A N A 

Lower 414 5,340 - 15,000 9,040 NA N A N A 

Chromium (Cr) Upper 414 3.80 - 6.20 5.05 1 ,m 94.6 0 

Lower 414 10.2 - 23.8 17.5 N A  75.2 NA 

Cobalt (Co) upper 414 1 .SO - 9.60 4.43 12,000 19.0 0 

Lower 414 1.90 - 8.40 3.75 N A 14.9 NA 

Copper (Cu) Upper 4/4 1.40 - 13.1 5.60 8,200 66.0 0 

Lower 414 12.1 - 53.2 30.5 NA 152 N A 

Cyanide (CN) Upper 114 0.290 0.290 4,100 0.500 0 

Iron (Fe) upper 414 879 - 3,260 2,000 61,000 NA 0 

Lower 414 6,410 - 11,700 8,920 N A NA N A 

Lower 414 51.0 - 382 188 NA 173 N A 
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Table 10.192.2 
AOC 525 

Inorganic Detections for Soil (mg/kg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected W t e d  Industrial Reference Exceeding 
Element Interval Detection Conc. Cone. RBC Coac. RBC and RC 

Magnesium (Mg) Upper 414 105 - 387 216 NA N A N A 

Lower 4/4 488 - 1,050 810 N A N A N A  

Manganese (Mn) Upper 414 3.00 - 31.9 15.3 4,700 302 0 

Lower 4/4 48.7 - 109 87.7 N A 88 1 N A 

Mercury (%I Upper 114 0.0800 0.0800 61 2.60 0 

Lower 414 0.0700 - 0.150 0.123 NA 1.59 N A  

Nickel (Ni) UW 414 2.20 - 4.70 2.98 4,100 77.1 0 

Lower 414 3.70 - 8.00 5.23 N A 57.0 NA 

Potassium (K) Upper 114 172 172 NA NA NA 

Lower 414 248 - 640 424 N A NA N A 

Selenium (Se) Lower 214 0.630 - 0.720 0.675 NA 2.40 N A 

Silver (Ag) Upper 114 0.940 0.940 1,000 N A 0 

Lower 214 0.310 - 0.540 0.425 NA N A N A 

Sodium @a) upper 314 49.3 - 125 77.4 N A  NA N A 

Lower 4/4 54.7 - 114 89.6 NA NA NA 

Vanadium (V) Upper 414 3.20 - 5.40 4.48 1,400 94.3 0 

Lower 4/4 8.20 - 17.8 12.8 NA 155 N A 

Zinc (Zn) Upper 414 4.20 - 52.1 26.1 61,000 827 0 

Lower 4/4 54.5 - 315 151 NA 886 N A 

Notes: 
mglkg = Milligrams per k i lopm 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No industrial RBC or RC established 
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Volatile Organic Compounds in Soil 

Four VOCs were detected in soil samples collected at AOC 525. Six detections occurred in the 

upper interval and eight in the lower interval. No VOCs were detected above their respective 

industrial RBC in the upper interval. Methylene chloride exceeded its SSlL in the lower interval 

sample at 525SB001. 

Semivolatile Organic Compounds in Soil 

Thirteen SVOCs weE detected in soil samples collected at AOCl 525. Seven detections occurred 

in the upper-interval and 20 in the lower-interval. No SVOCs were detected above their 

respective industrial RBC in the upper interval or respective SSL in the lower interval. 

Pesticides and PCBs in Soil 

Six pesticides were detected in soil samples collected at AOC 525, Ten detections occurred in the 

upper-interval and nine in the lower-interval. No pesticide exceeded its respective industrial RBC 

in the upper interval or respective SSL in the lower interval. 

No PCBs were detected in the soil samples collected at AOC 525. 

Other Organic Compounds in Soil 

No organotins were detected in soil samples submitted for laboratory analysis from AOC 525. 

Inorganic Elements in Soil 

Twenty-three metals were detected in soil samples collected at AOC 525. Sixty-nine detections 

occurred in the upper-interval and 82 occurred in the lower interval. No metal exceeded both its 

respective industrial RBC and RC in the upper interval or respective SSL and RC in the lower 

interval. 
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10.19.3 Groundwater Sampling and Analysis 

One shallow monitoring well, NBCE525001, was installed and sampled to assess groundwater 

quality at AOC 525 as shown in Figure 10.19.2, Groundwater samp1r:s were submitted for 

analysis at DQO Level Ill for VOCs, SVOCs, pesticidestPCBs, metal,s, cyanide, chlorides, 

sulfates, TDS, and organotins. No samples were selected as duplicates at this site. 

Table 10.19.3.1 summarizes groundwater sampling and analysis at AOC 525. 

Table 10.19.3.1 
AOC 525 

Groundwater Sampling Summary 

Wells Wells 
De P th Pro po sed Installed Anal y ses Pro p osed Analyses Collected Deviations 

Shallow 1 1 Standard Suitea, Standard Suitea, None 
chlorides, TDS, sulfates, chlorides, sulfates, 
and organotins TDS, and 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals. cyanide, pesticides, and PCBs 

The shallow monitoring well was installed at 12.5 feet bgs in the surfrcid aquifer in accordance 

with Section 3.3 of this report. 

10.19.4 Nature of Contamination in Groundwater 

No organic compounds were detected in groundwater. Inorganic analytical results for 

groundwater are summarized in Table 1 0.19.4.1 . Appendix H contains the complete data report 

for all samples collected in Zone E. 
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Table 10.19.4.1 
AOC 525 

Inorganic Detections for F i t  Quarter Groundwater 
Shallow Monitoring Wells h / L )  

Number of 
Range of Mean of Samples 

Freq. of Dehxted Detected Tap Water Reference Exceeding 
Element Detection Cone. Conc. RBC Cone. MCL RBC and RC 

lron (Fe) 111 276 276 1,100 N A N A 0 

Magnesium (h4g) 111 4,540 4,540 NA NA NA N A 

Manganese (M n) 111 905 905 84.0 2,560 NA 0 

Notes: 
uglL = Micrograms per liter 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = N o  RBC, MCL, or RC established 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Four metals were detected in the one shallow groundwater sample collected at AOC 525. No 

metal exceeded both its tap-water RBC and shallow groundwater RC. 

10.19.5 Fate and Transport Assessment for AOC 525 

AOC 525 is a paint booth in Building 223, surrounded by concrete and asphalt paving. 

Environmental media sampled as part of the AOC 525 RFI include surface soil, subsurface soil, 

and shallow groundwater. Potential constituent migration pathways investigated for AOC 525 

include soil to groundwater, groundwater to surface water, and emission of VOCs from surface 

soil to air. 
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10.19.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.19.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based SSLs considered protective of groundwater. For 

inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based SSLs, 

or (b) RCs. To provide a conservative screen, generic SSLs are used; leachate entering the 

aquifer is assumed to be diluted by a ratio of 10: 1 ,  with no attenuation of constituents in soil 

(DAF = 1 0). 

Three organic compounds - 2-butanone (MIX), methylene chloride, and dieldrin - were detected 

in AOC 525 soil above groundwater protection SSLs. 2-Butanone and dieldrin exceeded their 

generic groundwater protection SSLs in one surface soif sample only (525SB004). Methylene 

chloride exceeded its groundwater protection SSL in one subsurface soill sample (525SB001). 

None of these organic constituents was detected in frrst-quarter groundwater samples, indicating 

that the current soil-groundwater equilibrium is sufficiently protective of the surficial aquifer. No 

inorganic constituents were detected in soil above their respective groundwater protection SSLs 

or RCs. 

10.19.5.2 Groundwater-to-Surface Water Cross-Media Transport: T'ier One 

Table 10.19.5.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to RBCs for drinking water, and to chronic ambient saltwater 

quality criteria values for the protection of aquatic Life (saltwater surface water chronic screening 

values). For ino@cs, maximum concentrations in groundwater are compared to the greater of 

(a) risk-based drinking water concentrations, or (b) RCs for groundwater, as well as to the 

saltwater surface water chronic values. To provide a conservative first-tier screen, no attenuation 

or dilution of constituents in groundwater is assumed before comparison to the relevant standards. 
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No constituents were detected in first-quarter groundwater samples at AOC 525 that exceeded tap 

water RBCs, RCs, or saltwater surface water chronic screening levels. 

10.19.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.19.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined mlogical/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (IlAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a threat to surface water 

quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for AOC 525 

is 34,700:1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.19.5.4 Soil-to-Air Cross-Media Transport 

Table 10.19.5.3 lists the VOCs detected in surface soil samples collected at AOC 525 along with 

corresponding soil-to-air volatilization screening levels. Little or no sudace soil is exposed at 

AOC 525. In addition, none of the VOCs was reported at a maximum colicentration exceeding 

its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air migration 

pathway is not expected to be significant at AOC 525. 
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10.19.5.5 Fate and Transport Summary 

In the first-tier scnxn, two organic compounds - 2-butanone and dieldrin -- were detected above 

their generic groundwater protection SSLs in the same surface soil sample (525SB004). 

Methylene chloride was detected above its generic groundwater protection SSL in one subsurface 

soil sample (525SB001). No constituents were detected in first-quarter gl-oundwater samples at 

concentrations exceeding tap water RBCs, RCs, or saltwater surface water chronic screening 

levels. 

None of the constituents exceeding first-tier screening values also exceeded ithe adjusted screening 

values of the second-tier comparisons, indicating that there is no threat to surface water in the 

Cooper River via the evaluated migration pathways. 



Tabb 10.19.5.1 
Chemicals Detected in Surfwe Soil Subutrfme Soil, and Shallow Groundwater 
Cornpariaon to SSh,  Tap Water RBCa, Salt Water Surf604 WLM Chrunio Scmming Lcvch, md Bnckpund Concmhtimn: Tier Onc 
NAVBASECharleston. Zone E: AOC 525 
Charlaton. South h l i n a  

* Screening Conocntrations: 
Soil to GW - Gmcric S S h  baaed on DAF = 10, +Bd from 1996 EPA Soil Screening Guidancc or calculated us in^ valuu 6om Table 6.2 
Tap Water RBC - Fmm EPA Region I11 Risk-Based Concentration Table, June 3,1996 
Salt Water Surface Water Chronic - From EPA Supplmmhl Guidance to RAGS: Region 4 Bullelina, Ecological Risk Ansemment, Novcmbcr, 1995; Table 2 

In each case, the value s h m  is the greater of the rclcvant weening value or the corresponding background rcfercnce v.nlue 

Units: See notea for Table 10.1.5.1 

Parameter 

VotntlkOBg&Canpandl 
Acctomc 
2-Butanone (MEK) 
Mcthylme chIoride 
Xylene (total) 

ScnhaQtilr*micC#~ 
Accnqhthcnc 
Bcnzo(n)ppne equivalent$ 

B m z o ( a M m e  
~-J@)PP~ 
Benzo(bflu0ranthenc 
Benzo(k)iluwanthene 
c b c  

D i b c n z o b  
Di-n-butylphthalatc 
Dimcthylpbthalatc 
Fluoranthene 
Fluorenc 
Phcrunthrcne 

e 

PalkldcdPCB Carpoudr 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
3ieldrin 
E n h  
Hcphchlor 

lmrgn& cmpouds 
Aluminum 
Antimony 
Aracnic 
Barium 
Beryllium 
Cadmium 

M=C"'Y 0.08 0.15 ND NA 
Nickel 4.7 8 ND NA 77.1 
Selenium ND 0.72 ND NA 2.5 180 71 ~ I W G  u NO NO NO 
Silver 0.94 0.54 ND NA 17 180 0.23 L I ~ G  u NO NO NO 
Vmsdium 5.4 17.8 M> NA 3000 260 NA LKM(G u NO NO NO 
Zinc 52.1 315 ND NA 6000 llQOO NO NO N 

Screening ConccntrationL 
Soil lo Salt Wtr. 

OW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 
4000 1900 NA 

10 4.1 2560 
71000 12000 NA 

285000 2200 9.7 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

N A 150 NA 
2300000 3700 3.4 
1200000 370000 580 
2150000 1500 1.6 
280000 1500 NA 
690000 1500 NA 

NAZlOOWO 1100 NA 

8000 0.28 0.025 
27000 0.2 0.14 
16000 0.2 0.001 

2 0.0042 0.0019 
500 11 0.0023 

11500 0.0023 0.0036 

41100 37000 NA 
2.5 15 

23.9 .18.7 36 
820 2600 NA 
32 1.2 NA 

4 18 9.3 
94.6 37000 103 

19 2200 NA 
152 1500 2.9 
20 730 37.3 

400 

881 2560 

Max. Concentration 

Slidace Subsurface 
Soil Soil 

4500 3900 
8700 ND 

4 11 
ND 2 

100 94 

ND 100 
ND 97 
ND 88 
M> 93 
ND 180 
90 ND 

140 ND 
92 160 

140 310 
170 94 
520 330 
130 280 

8.2 30 
ND 58 
3.6 5.1 
3.2 ND 
43 40 

Max Conccntntion 

Shallow D a p  
GW E W  

ND NA 
ND NA 
ND NA 
ND NA 

ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

1 
Ground- Surface 
W*tcr W a b  

Soil Water Leaching Migration Migration 
1 

N A ~ J C Y K ~  u r n  
l ~ m o  uon. 
1 ~ m a  uan. 
I J ~ G  uan. 

! J ~ O  u a r  

I J ~ O  urn 
11mo uon. 
I I ~ O  u0.2 
lumo WL 

IJW urn 
IHMI.~  uan. 
I J ~ K G  urn 
~ r m o  u r n  
IJa/Ka u a r  
IJWG u a r  
IJWG UO~L 

IJWKC uoz 

I J ~ G  uoz 
IJCVKG u r n  
IJwltG 

IJWO uon. 
I J ~ O  uon. 
IJWG uon 

h8mc u r n  
N A h r w  uon 

hmca ma 
h ~ w o  u r n  
MOXO urn 
r l m o  urn 
rl-o urn 
h w  u rn  
n m a  u rn  
h rwa  uon 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

Chromium (total) 
Cobalt 
C0ppcr 
Cyanide 

NO NO NO 
YES NO NO 
YES NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Manganese 31.9 109 905 NA 

54 24 

4640 5560 
0.49 0.95 

4 5.1 
22.3 52.9 
0.2 0.39 

0.13 0.52 
6.2 23.8 
9.6 8.4 

13.1 53.2 
0.29 ND 

ND NA 

309 NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

Lead 32.5 382 
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Table 10.19.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 525 
Charleston, South Carolina 

I Maximum 
1 

Concentration Soil to 
in Surface Air Exceeds 

VOCs Soil SSL* Units SSL 

Acetone 4500 62000000 UGKG NO 
2-Butanone (MEK) 8700 10000 UGKG NO 
Methylene chloride 4 7000 UGKG NO 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 Risk-Based Concentration Table, June 1996. The value for 
2-Butanone (MEK) was estimated. 
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10.19.6 Fixed-Point Risk Evaluation for AOC 525 

10.19.6.1 Site Background and Investigative Approach 

AOC 525 is a paint booth (number 35) in Building 223. This site j.s located in a highly 

industrialized portion of Zone E. As a result, the risk assessment for this site is presented as a 

FRE following the framework presented in Section 7.3. 

A total of four surface soil samples were considered in the AOC 525 FRE. One monitoring well 

was installed into the shallow aquifer as part of the 1995 RFI. Groundwater data generated from 

the first quarter Rm sampling event are used to repxesent point risWhazard for the AOC 525 FRE. 

Sections 10.19.1 and 10.19.3 contain summaries of the sampling effort for AOC 525 soil and 

groundwater. 

10.19.6.2 Fixed-Point Risk Evaluation for Soil 

Table 10.19.6.1 provides CPSS summaries for AOC 525 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and RCs. No COPCs were idlentifid for AOC 525 

soil for either the residential or industrial scenarios. Arsenic was detected at a concentration 

above both its residential and industrial RBC, and beryllium was detected at a concentration above 

its residential RBC. Arsenic and beryllium were both eliminated from consideration in the AOC 

525 FRE based on comparison to their RCs. Wilcoxon rank sum test did not result in the 

inclusion of any inorganic parameter that had been screened out based on RC. 

10.19.6.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.19.6.2 provides CPSS summaries for AOC 525 groundwater and identifies COPCs based 

on comparison to residential RBCs and RCs. No COPCs were iden1:ified for AOC 525 

groundwater. Manganese was detected at a concentration exceeding its tap water RBC, however, 

it was eliminated h m  consideration in the shallow groundwater FRE based on comparison to its 

RC. AOC 525 groundwater data were not sufficient to perform Wilcoxon rank sum test analyses, 
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and as a result, manganese was eliminated from the shallow groundwater FRE based on direct I 

comparison of its maximum concentration to its RC. 2 

10.19.6.4 FRE Summary 3 

Data collected for AOC 525 were screened according to the process presented in Section 7.3.4. 4 

No COPCs were identified subsequent to this screening. 5 
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10.19.7 Corrective Measures Considerations 

For AOC 525, the upper and lower soil intervals were investigated. B'ased on the analytical 

results and the FRE, no COC requiring further evaluation through the CMS process was identified 

for the soil intervals or shallow groundwater. 

Residential use of the site is not expected, based on c m n t  site uses and the nature of surrounding 

buildings and current reuse plans call for continued commercial/industrial use. Furthermore, the 

site is paved with concrete. No further action is recommended for the soil interval. Manganese 

was detected at a concentration exceeding its tap water RBC, however, it was eliminated as a COC 

based on comparison to its RC. 
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10.20 AOC 528, Steam Cleaning Shop 

AOC 528 consists of a former steam cleaning shop which was used to clean boiler parts. Boiler 

tubes, preserved with ~osmoline' grease to prevent rust, were received at the boiler shop. The 

~osmoline" was removed in Building 59 by a bath of kerosene, and all remaining grease was 

removed in another bath of hot water, trisodiwnphosphate, caustic, and <detergents. After the 

second bath, the tubes were steam rinsed at the steam cleaning shop. Although this operation did 

not generate hazardous waste, it did produce approximately 800 gallons of c:ontaminated kerosene 

semi-annually. The contents of the second bath and the steam cleaning operation were discharged 

to the sanitary sewer. Before installation of the sanitary sewer, waste was discharged to the 

Cooper River via the combined sewer system. 

Materials of concern at AOC 528 indicated in the Final Zbne E RFI Work Plan are caustics, 

petroleum hydrocarbons, and kerosene. Potential receptors that may be exposed to site 

contaminants include current and future building users and any site workers this area may support 

following base closure. 

To fulfill the CSI objectives for AOC 528, soif, groundwater, and sediment were sampled in 

accordance with the Final Zone E RFI Work Plan, and Section 3 of this report to determine 

whether any contamination resulted from onsite activities. 

10.20.1 Soil Sampling and Analysis 

Soil was sampled in one round at AOC 528 from the locations shown in Figure 10.20.1. The 

Final Zone E RFI Work Plan proposed collecting three soil samples from the upper interval and 

three samples from the lower interval. Soil samples were also collected frorn both intervals at the 

shallow monitoring well location proposed for the site. All four of the proposed upper-interval 

samples and the four lower-interval samples were collected. 
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All samples were submitted for analysis of VOCs, SVOCs, and pH at DQO Level ID. One lower- 1 

interval soil sample was selected as a duplicate and analyzed at DQO Level IV for Appendix IX 2 

parameters which included the suite of analyses proposed for the site, plus al more comprehensive 3 

list of VOCs and SVOCs, as well as herbicides, dioxins, hexavalent chromium, and 4 

organophosphorus pesticides. Table 10.20.1.1 summarizes soil sampling at AOC 528. 5 

Table 10.20.1.1 
AOC 528 

Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Prow colI&ed Proposed Collected Deviations 

4 4 VOCs, SVOCs, VOCs, SVOCs, One sanclple was inadvertently 
PW PH analyzed for organotins, 

pesticides, metals, and cyanide 

Lower 4 4 VOCs, SVOCs, VOCs, SVOCs, One sample was inadvertently 
PH PH analyzed for organotins, 

s, metals, and cyanide 

10.20.2 Nature of Contamination in Soil 6 

Organic compound analytical results for soil are summarized in Table 10.20.2.1. Inorganic 7 

analytical results for soil are summarized in Table 10.20.2.2. Appendix H contains the complete 8 

data report for all samples collected in Zone E. 9 

Table 10.20.2.1 
AOC 528 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Iniiustrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

VOCs (pglkg) 

2-ButPWm WK) Lower 1 /4 3.00 3 '00 NA NA 
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Table 10.20.2.1 
AOC 528 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected In dustrial Exceeding 
Interval Detection Cone. Conc. RBC RBC 

Benzo(g ,hi i)peryIene Lower 1 14 150 I SO N A NA 

Butylbenzylphthalate Upper 114 160 160 41,000,000 0 

Phenanthrene Upper 1 I4 90 .O 90.0 8,200,000 0 

Lower 114 200 200 N A NA 

Pyrene  UP^ 1 f4 190 190 6,100,000 0 

Lower X 14 34U 340 N A NA 

B(a)P Equiv. upper 1 14 123 123 7&0 0 

Lower 1 W 252 252 NA NA 

Lower 1 I4 180 180 N A N A 

i3enzoIb)fiuoranthene Lower 114 MO 200 NA NA 

Lower 114 1W 190 NA N A 

Chrysene Upper 114 120 120 7:30,000 0 

Lower 1 I4 2 10 210 NA N A 

f ndeno(l,2,3-cd)pyrene Lower 114 1 20 120 N A NA 
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Table 10.20.2.2 
AOC 528 

lnorganic Detections for Soil 

Number of 
Rnnge of Mepa of Samples 

Sample Freq. of Detested Detected Indmtrial PLeference Exceeding 
Intmnl Detection Conc. Conc. RBC Conc. RBC nnd RC 

Inorgdc Elements (mg/Lg) 

Chromium (Cr) WFr Ill 9.40 9.40 1.000 94.6 0 

bwr 111 5-80 5.80 N A 75.2 N A 

Cobalt (Co) Upper 111 3.20 3.20 12.000 19.0 0 

Lower 111 0.960 0.960 N A 14.9 N A 

Iron (Fe) Upper 111 3,620 3,620 61,000 NA 0 

Lower 111 2,790 2,790 N A N A N A 

L e d  (Pb) upper 111 52.0 52.0 1,300 265 0 

Lower HI 33&7 33.7 N A 173 N A 

Magnesium (Mg) Upper 111 74 1 74 1 N A N A N A 

Lower ill  253 253 N A NA N A 

Mang-se fMn) Upper 111 132 132 4,700 302 o 

Lower 111 1 76 1 76 N A 881 NA 

Mercury (Hg) Upper 111 0.130 0.130 61 2.60 0 

Lower 1/1 0.680 0.680 N A 1.59 N A 

Nickel (Ni) U P V ~  1/I 11.2 11.2 4,100 77.1 0 

Lower 111 3.90 3.90 N A 57.0 N A 

Sodium (Na) Upper 111 62.1 62.1 N A N A N A 

Ti (Sn) U W ~  111 14.1 14.1 100.000 59.4 0 

tower 11'1 13.1 13.1 N A 9.23 Nh 

Vanadium (V) U P P ~ ~  111 5.20 5.20 1.400 94.3 0 

Lower 111 3.60 3.60 N A 155 N A 

Zinc (Zn) u ~ e r  111 99.0 99.0 61,000 827 0 

Lowtr I f 1  81,7 81.7 N A 886 NA 
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Other Organic Compounds in Soil 

One dioxin was detected in soil samples submitted for analysis from A012 528. The detection 

occurred in the lower interval below the compound's respective SSL. No upper-interval samples 

were submitted for dioxin analysis. 

Inorganic Elements in Soil 

Nineteen metals were detected in soil samples collected at AOC 528. Nineteen detections occurred 

in the upper-interval and 18 occurred in the lower-interval. No metal exceeded both its respective 

industrial RBC and background RC in the upper-interval or respective SSlL and background RC 

in the lower-interval. 

10.20.3 Groundwater Sampling and Analysis 

One shallow monitoring well, NBCE528001, was installed and sampled to assess groundwater 

quality at AOC 528 as shown in Figure 10.20.2. Groundwater samples were submitted for 

analysis at DQO Level III for VOCs, SVOCs, pH, metals, chlorides, sulfates, and TDS. No 

samples were selected as duplicates at this site. Table 10.20.3.1 summarizes groundwater 

sampling and analysis at AOC 528. 

Table 10.20.3.1 
AOC 528 

Groundwater Sampling Summary 

Wells W& 

The shallow monitoring we11 was installed at 13.5 feet bgs in the surficial (aquifer in accordance 16 

with Section 3.3 of this report. 17 
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10.20.4 Nature of Contamination in Groundwater 1 

No organic compounds were detected in the shallow groundwater monitori~ng well at AOC 528. 2 

Table 10.20.4.1 summarizes the inorganic analytical results for groundwater. Appendix H 3 

contains the complete data report for all samples collected in Zone E. 4 

Table 10.20.4.1 
AOC 528 

Inorgnnic Detections for First Quarter Groundwater 
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL R3CandRC 

Inorganic Elanents (me/lrg) 

Arsenic (As) f/l 9.60 9.60 0.WK) 18.7 50.0 0 

Calcium (Ca) 111 136.000 136,000 N A N A N A N A 

Magnesium (Mg) 111 34.200 34.200 N A N A N A N A 

Nickel (Ni) 1/1 3.10 3.10 73.0 15.2 100 0 

Vanadium (V) 111 2.10 2.10 26.0 11.4 NA 0 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 
SU = Standadunits 
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Inorganic Elements in Groundwater 

Shallow Groundwater 

Eight metals were detected in the one shallow groundwater sample collected at AOC 528. One 

metal - iron - exceeded its respective tap-water RBC. 

Iron was detected in well NBCE528001 (4,410 gglL), exceeding its tap-water RBC of 1,100 p g / t .  

No shallow groundwater RC or MCL has been established for iron. 

pH in Groundwater 

Shallow Grounmvafer 

The pH of the groundwater sample from well NBCE528001 was 6.42 SU. No RBC or RC has 

been established for pH. 

10.20.5 Sediment Sampiing and Analysis 11 

The Final Zone E RFI Work PZan proposed collecting one sediment sample #at AOC 528 from the 12 

location shown in Figure 10.20.3. One sediment sample was collected and submitted for analysis 13 

at DQO Level III for VOCs, SVOCs, and pH. No samples were selected as duplicates at this site. 14 

Table 10.20.5.1 summarizes sediment sampling and analysis at AOC 528. 15 

Table 10.20.5.1 
AOC 528 

Sediment Sampling Summary 

Samples Samples Analyses Analyses 
Pro W ed Collected Pro pos ed Collected Deviation 

f 1 VOCs, SVQCs, and H H d  PH Noae 
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10.20.6 Nature of Contamination in Sediment 1 

Table 10.20.6.1 summarizes the organic analytical results for sediment. Table 10.20.6.2 2 

summarizes the inorganic analytical results for sediment. Appendix H contains the complete 3 

analytical report for all samples collected in Zone E. Sediment analytical results were evaluated 4 

in Section 8, Ecological Risk Assessment, of this report. 5 

Table 10.20.6.1 
AOC 528 

Organic Compounds Detected in Sediment (&kg) 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Ind~Jstrial Exceeding 
Compound Detection Conc. Conc. Soil RBC RBC 

vocs 

Xylene (Total) 112 4.00 4.00 100,000 0 

Phenanthrene 212 140 - 4,600 2,370 8,200,000 0 
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Table 10.20.6.1 
AOC 528 

Organic Compounds Detected in Sediment Luglkg) 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Industrial Exceeding 
Detection Conc. Conc. Soil RBC RBC 

B(a)P Equivalent 2Q 41 1 - 2,280 1,350 '780 1 

Chrysene 212 320 - 2,500 1,410 780,000 0 

Pesticides 

Dieldrin I l l  370 370 :!60 1 

Endrin aldehyde 111 490 490 61,000 0 

Notes: 
wglkg = Micrograms per kilogram 
RBC = Industrial Soil RBC 
NA = No industrial RBC established 
* = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS SSVs. 
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Table 10.20.6.2 
AOC 528 

Inorganic Detections in Sediment 

Freq. of Range of Mean of Industrial Number of Samples 
Element Detection Detected Conc. Detected Conc. Soil RBC Exceedinp RBC 

AIuminum (Al) 111 15,900 15,900 100,000 0 

Antimony (Sb) 111 15.3 15.3 82 0 

Arsenic (As) 1 /I 6.60 6.60 3,8 1 

Barium (Ba) 111 99.8 99.8 14,000 0 

krylium (Be) 11 1 0.120 0.120 1.3 0 

Cadmium (Cd) 1/1 10.7 10.7 100 0 

Calcium (Ca) 11 1 42,200 42,200 NA NA 

Chromium (Cr) 111 107 107 1 ,m 0 

Iron (Fe) 111 25,100 25,100 61,000 N A  

Lead (Pb) 111 364 364 1,300 0 

Manganese (Mn) 111 3,150 3,150 4,700 0 

Nickel (Ni) Ill 6,480 6,480 4,100 1 

Potassium (K) 111 433 433 NA NA 

Silver (Ag) l / I  26.5 26.5 1 ,m 0 

Sodium (Na) 111 3,370 3,370 NA NA 

Tin (Sa) 1 /I 336 336 100,000 0 

Vanadium (V) 111 15.9 15.9 1,400 0 

Zinc (Zn) 111 17,100 17,100 61,000 0 
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Table 10.20.6.2 
AOC 528 

Inorganic Detections in Sediment 

k e q .  of Range of Mean of Industrial Number of Samples 
Element Detection Detected Conc. Detected Cone. Soil RBC Exceeding RBC 

Inorganic Elements ( m g w  

Notes: 
mglkg = Milligrams per kilogram 
RBC = Industrial soil RBC 
NA = No industrial soil RBC established 
SU = Standard Units 
* = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS SSVs. 

Volatile Organic Compounds in Sediment 

Four VOCs were detected in sediment samples collected at AOC 528. Four detections occurred 

in the upper interval (sediment samples collected from upper interval only). No VOCs were 

detected above their respective industrial soil RBCs. 

Semivolatile Organic Compounds in Sediment 

Eighteen SVOCs were detected in sediment samples collected at AOC' 528. Twenty-nine 

detections occurred in the upper interval. One SVOC - benzo(a)pyrene - was detected above its 

respective industrial soil RBC . 

Benzo(a)pyrene was detected in two of two upper-interval samples witlb a range of 260 to 

1,300 pglkg and a mean of 780 yglkg. One sample (528M0001, 1,300 pglkg) exceeded the 

benzo(a)pyrene industrial soil RBC of 780 pglkg . 
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In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOC 528. The 

BEQ was calculated for two samples with a range of 411 to 2,280 pglkg. One sample 

(528M0001, 2,280 pglkg) exceeded the benzo(a)pyrene soil industrial RBC of 780 pgikg. 

Pesticides and PCBs in Sediment 

Four pesticides were detected in sediment samples collected at AOC 528. Clne pesticide (dieldrin) 

exceeded its respective industrial soil RBC. Dieldrin was detected in one of one samples 

(528M0001) at 370 pglkg exceeding its industrial soil RBC of 360 pg/kg. No PCBs were detected 

in sediment samples submitted for laboratory analysis at AOCs 538 and 5119. 

Inorganic Elements in Sediment 

Twenty-one metals were detected in sediment samples collected at AOC 528. Three metals - 
arsenic, copper, and nickel - exceeded their respective industrial soil RBC. 

Arsenic was detected in one of one samples at 6.60 mglkg exceeding its industrial soil RBC of 

3.8 mglkg; copper was detected in one of one samples at 134,000 mgkg exceeding its industrial 

RBC of 8,200 mglkg; and nickel was detected in one of one samples at 6,480 mglkg exceeding 

its industrial RBC of 4,100 mg/kg. All exceedances occurred in sample 5:28M0001. 

10.20.7 Fate and Transport Assessment for AOC 528 

AOC 528 consists of a former steam cleaning shop which was used to clean boiler parts, Process 

water from secondary stages of the steam cleaning operation was discharged to the sanitary sewer. 

Before installation of the sanitary sewer, waste was discharged to the Cooper River via the 

combined sewer system. The entire surface area of AOC 528 is paved with either concrete or 

asphalt. Environmental media sampled as part of the AOC 528 CSI included surface soil, 

subsurface soil, sediment, and shallow groundwater. Potential constitueni~ migration pathways 



Draft Zone E RCRA Facility Investigation Repon 
NA VBASE Charlesron 

Section 10: Site-Specific Evaluations 
November 1997 

investigated for AOC 528 include soil to groundwater, groundwater to surface water, surface soil 

to sediment, and emission of VOCs from surface soil to air. 

10.20.7.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.20.7.1 compares m a x i m  detected organic constituent concentrations in surface soil 

and subsurface soil samples to groundwater protection SSLs. For inorganics, maximum 

concentrations in soil are compared to the greater of (a) risk-based SSLs, or 0) RCs. To provide 

a conservative screen, generic SSLs are used; leachate entering the aquifer is assumed to be diluted 

by a ratio of 10: 1, with no attenuation of constituents in soil WAF= 10). 

Copper, the only constituent detected in the tier-one soil-to-groundwater screening, was detected 

in one surface soil sample at a concentration marginally above its RC. No organic constituents 

were detected in AOC 528 soil above groundwater protection SSLs. 

10.20.7.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.20.7.1 also compares maximum detected organic compound conc:entrations in shallow 

groundwater samples to lU3Cs for drinking water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) risk-based 

drinking water concentrations, or (b) RCs for groundwater, as well as to the saltwater surface 

water chronic values. To provide a conservative first-tier screen, no atteinuation or dilution of 

constituents in groundwater is assumed before comparison to the relevant standards. Based on 

tier-one screening, groundwater migration was not considered a significant pathway for AOC 528, 

as no constituents exceeded their screening criteria for either groundwater or surface water 

impacts. 
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10.20.7.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.20.7.2 provides a second screening tier for all constituent:; detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecologicallhuman health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Co~~per  River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target feachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a threat to surface water 

quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for AOC 528 

is 73,800:1 (see Table 6.2.1). 

Copper was the only constituent with a first-tier sample concentration exceeding a screening 

standard. Its concentrations in soil did not exceed the adjusted screening lev'els of the second tier, 

indicating that site constituents in soil and groundwater pose no threat t o  human health or the 

environment in the Cooper River. 

10.20.7.4 Surface Soil-to-Sediment Cross-Media Transport 

Tables 10.20.6.1 and 10.20.6.2 summarize the constituent concentrations detected in sediment 

samples at AOC 528. Several PAHs and inorganic constituents were detected in both surface soil 

and catch-basin sediment samples. Since the entire site is paved, it is urdikely that AOC 528 

surface soil is a source of contamination in catch-basin sediment. It is more likely that sediment 

contamination is the result of vehicular traffic on roads located immediately adjacent to AOC 528. 

Fate and transport for constituents detected in sediments from catch basins will be examined in the 

Zone L RFI report. 
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10.20.7.5 Soil-to-Air Cross-Media Transport I 

No VOCs were detected in AOC 528 surface soil. As a result, the soil-to-air migration pathway 2 

is not considered to be significant at AOC 528. 3 

10.20.7.6 Fate and Transport Summary 4 

The single constituent exceeding first-tier screening values did not exceed ithe adjusted screening 5 

values of the second-tier comparisons, indicating that there is no threat to surface water in the 6 

Cooper River via the evaluated migration pathways. 7 



Table 10.20.7. I 
Chemicah Dclected in Surface Soil, Subsuhice Soil. a d  Shallow Goundwater 
C- to S S h ,  Tap W.lcr RBCs, Salt Watcr Surface Water Chronic Screening Levels, and Background Concentrations: Tier Onc 
NAVBASE-Chwlcrton, Zone E: AOC 528 
Charleakon, South Cbrolina 

* Screening Conccntnrtim: 
Soil lo C W  - Generic SSLs baaed on DAF = 10, adapted from 19% EPA Soil Sc~ening Guidance or calculated usins; valuea from Table 6.2 
Tap Watcr RBC From EPA Region 111 R i s k - E d  Concentration Table. June 3, 1996 
Salt Water Surface Watcr Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November. 1995; Table 2 

In each case, the value shown in the greater of the relevant screening value or the unrwponding background reference vr~lue 

Unils: See notes for Table 10.1.5.1 

O r o ~ d -  Srafffie 
Wntcr Watcr 

Lcaohing Migration Miwion 
Potential Concm Concern 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Soil Wntcr 
Units Units 

u m o  uan 
u m o  uon 
WG urn  
u m o  urn  

u m o  urn 

UQKG van 
UCYKQ UOI. 

UGMG UCM 

UWG urn  
umo uaz. 
u m o  ucn 
UO/KG urn  
m o  uon 
u c i ~ ~  uon 

NWG PCR 

~ m o  uoh 
M ~ O  UGA 

~ m o  urn 
~ m o  van. 
~ m o  u r n  
m o  ucvr 
M ~ K O  urn 
M ~ O  urn  
M ~ K G  uwz 
MCYKG uon 
MMC 005 

Parameter 

V-Olgd-  
2 - h ~ ~ m n t e  W K )  
Carbon diauE& 
1,2-Dichlorosthcne (total) 
Trichlomelhcne 

Sr**Micconpol.lds 
Bcnzo(g,h,i&rylcne 
Bmo(a)pyme cquiva~enls 

Bcnzo(a)urthracone 
Bmzotabyme 
Benzo(b)flwranthcne 
Bcluo(k)flumthme 

chryacne 
Indeno(l,2,3-cd)pyrene 

Fluoranthme 
Pbcnanthrme 

e 

Wxin Cmpou*la 
Dioxin (TCDD TEQ) 

tmtgnnic Cwpau*ls 
Aluminum 
Anemic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
C O P P ~ ~  
L d  
Mangancac 
Mcwlny 
Nickel 
Selenium 
Tin 
Vanadium 
Zinc 

* 

Mu. Concentration 

Surface Subsurface 
Soil Soil 

ND 3 
ND ND 
ND ND 
ND ND 

150 160 

110 180 
110 200 
ND 200 
190 190 
120 210 
ND 120 
220 360 
90 200 

190 340 

ND 0.0074 

4310 4300 
2.8 1.4 

23.3 26 
0.37 0.33 
0.42 0.034 
9.4 5.8 
3.2 0.96 
161 121 
52 33.7 

132 176 
0.013 0.68 

11.2 3.9 
ND ND 

14.1 13.1 
5.2 3.6 
99 81.7 

Max. Conccnhtion 

Shallow Deep 
GW GW 

ND NA 
ND NA 
ND NA 
ND N A 

ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

ND NA 

ND NA 
9.6 NA 
ND NA 
ND NA 
ND N A 
ND NA 
ND N A 
ND N A 
ND NA 
518 NA 
ND N A 

Scraning Conccnlrntion 
Soil to Salt Wtr. 

GW Tap Warn Surf. Wtr. 
SSL RBC Chronic 

4000 1900 NA 
16000 1000 NA 

200 55 NA 
30 1.6 NA 

2.33E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 P.092 NA 

24500 0.92 NA 
80000 9.2 NA 

7000 0.092 NA 
2150000 1500 1.6 

690000 1500 NA 
2100000 1100 NA 

950 0.43 10 

41100 37000 NA 
23.9 18.7 36 
820 2600 NA 
32 1.2 NA 
4 18 9.3 

94.6 37000 103 
19 2200 NA 

152 1500 2.9 
400 15 8.5 
881 2560 NA! 
2.6 11 0.2 

3.1 NA 
ND N A 
ND NA 
2.1 NA 
ND NA 

77.1 730 42.2 MMG UGA 

2.5 180 71 MWKG UWL 

59.4 22000 NA! MUKG u rn  
3000 260 N A ~  Mae UGL 

6000 11000 86 M ~ G   on 
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Draft Zone E RCRA Facility Znvesrigation Report 
NA VBASE Charleston 

Section 10: Sire-Specflc Evduations 
November 1997 

10.20.8 Fixed-Point Risk Evaluation for AOC 528 1 

10.20.8.1 Site Background and Investigative Approach 2 

AOC 528 is a former steam cleaning shop which was in operations along the western side of 3 

Building 59. This site is located in a highly industrialized portion of Zone E). As a result, the risk 4 

assessment for this site is presented as a FRE following the framework pre,sented in Section 7.3. 5 

A total of four surface soil samples were considered in the AOC 528 FRE. One monitoring well 

was installed into the shallow aquifer as part of the 1995 RFI. Groundwater data generated from 

the first quarter RFI sampling event are used to represent point riskhazard f13r the AOC 528 FRE. 

Sections 10.20.1 and 10.20.3 contain summaries of the sampling effort for AOC 528 soil and 

groundwater, 

10.20.8.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.20.8.1 provides CPSS summaries for AOC 528 soil and identif'les COPCs based on 

comparison to residential and industrial RBCs and RC concentrations. Basedl on residential RBCs, 

BEQs were identified as COPCs for AOC 528. Arsenic and beryllium were detected in AOC 528 

soil at concentrations above their respective RBCs but were eliminated from consideration in the 

residential FRE based on comparison to their RCs. Because only one sarrrple was analyzed for 

inorganic parameters, Wilcoxon rank sum test analyses were not performed. As a result, arsenic 

was eliminated from the surface soil FRE based on direct cornpariston of its maximum 

concentration to its RC. 

Table 10.20.8.2 summarizes the residential COPCs detected at each AOC528 sample location with 

contribution to risk and hazard. As shown, BEQs contribute to a risk projection of 2E-06 at 

sample location 528SB002. BEQs were not detected in the remaining three samples. 

Figure 10.20.4 is a spatial presentation of residential risk estimates for AOC 528 soil. 



AOC 

4 
LEGEND - CUMULATIVE SOlL RISK 

NO COPCs DETECTED 

< 1E-6 

1E-6 to 5E-6 

@ 5E-6 to 1E-5 

I )  1E-5 to 1E-4 

> 1E-4 

ZONE E - RCRA FACILITY 
.. IIVVESTIGATION REPORT 

NAVAL BASE, CHARLESTON 
t - *  C:HARLESTON, S.C. 

FIGURE 10.20.4 
CUMULATIVE SOlL RISK 
RESIDENTIAL SCENARIO 

AOC 528 



Draji Zone E RCRA Faciliv Investigation Repon 
NA VBASE Charleston 

Section 10: Site-Specific Evaluarionr 
November 1997 

No COPCs were identified in AOC 528 surface soil that would have contribilted to HI projections. 

Industrial Scenario 

Based on industrial RBCs, no COPCs were identified for AOC 528 surface soil. 

10.20.8.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.20.8.3 provides CPSS summaries for AOC 528 groundwater and identifies COPCs. No 

COPCs were identified for AOC 528 groundwater. COPC identification WE; based on comparison 

of first quarter groundwater concentrations to tap water RBCs, as well as corresponding RCs for 

inorganics. Arsenic and manganese were detected in AOC 528 shallow groundwater at a 

concentration above their respective RBCs, but were eliminated from consideration in the FRE for 

shallow groundwater, based on comparison to their respective RCs. AOC 528 groundwater data 

were not sufficient to perform Wilcoxon rank sum test analyses, and as a result, arsenic and 

manganese were eliminated from the shallow groundwater FRE based on direct comparison of 

their maximum concentrations to their RCs. 

10.20.8.4 Uncertainty 

AOC 528 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recornmended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 



Draji Zune E RCRA Fhciliry Investigation Report 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with 1andscapj.ng soil andlor a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at combined SWMU 106, nor is it 

used at NAVBASE or in the surrounding area. Municipal water is readily available. As 

previously mentioned, it is highly unlikely that the site will be developed a!; a residential area, and 

it is unlikely that a potable-use well would be installed onsite. It is probable that, if residences 

were constructed onsite and an unfiltered well were installed, the salinity and dissolved solids 

would preclude this aquifer from being an acceptable potable water source. 

Quantification of RiskIHazard 

Soil 

A conservative screening process was used to identify COPCs for AOC 528. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for cornparison minimizes the 

likelihood of a significant contribution to risklhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RFiCs, none was reported 

at a concentration close to its RBC (e .g. within 10 % of its RBCs). 



Drafi Zone E RCRA Facility Investigation Repon 
NA W A S E  Charleston 

Section 10: Sire-Spec@c EvaIuations 
November 1997 

Arsenic and beryllium were present in AOC 528 soil at concentrations above their RBC 

benchmarks and were eliminated from consideration in the FRE based on comparison to their RC. 

As a result, their contribution to soil pathway risWhazard has not been considered in this FRE. 

Groudwuter 

The same conservative screening process used for soil was also applied ta groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to :risk/hazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g. within 10% of its RBCs,). 

Arsenic and manganese were present in AOC 528 groundwater at concentrations above their RBC 

benchmarks and were eliminated from consideration in the FRE based on co~nparison to their RCs. 

As a result, their contribution to groundwater pathway riskmazard has not been considered in this 

FRE. 

10.20.8.5 Fixed-Point Risk Evaluation Summary 

The risk and hazard posed by contaminants at AOC 528 were assessed for ,the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FIE was based on first 

quarter data and considers the both the ingestion and inhalation pathways. Risk and HI estimates 

are presented on Table 10.20.8.2 such that a risk (E-06) that exceeds one for any COPC at any 

given sample location is an indication that the concentration of that COI'C exceeds its RGO. 

Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zone E. 



Drafr Zone E RCRA Facility Investigation Repon 
NAVBASE Charieston 

Section 10: Site-Specflc Evahmions 
November 1997 

Soil - Residential Scenario I 

BEQs were detected in one AOC 528 surface soil sample at concentrations above their residential 2 

Soil - Site Worker Scenario 

No COPCs were identified for the industrial scenario. 

Groundwater - Residential Scenario 

No COPCs were identified for the groundwater pathways. 
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Table 10.20.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathway's 

Residential Scenario 
AOC 528 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) Oh Risk H i~ard  Index % HI 
528 BOO1 B(a)P Equiv. ND UGIKG NA - NA 

Total NA NA 

528 8002 B(a)P Equiv. 123.02 UGlKG 2.0372 100.00 - N A 
Total 2.0372 N A 

528 8003 B(a)P Equiv. ND UG/KG NA - NA 
Total N A NA 

528 8004 B(a)P Equiv. ND UGIKG NA - NA 
Total NA NA 
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10-20.9 Corrective Measures Considerations 

For AOC 528, the upper and lower soil intervals and the shallow groundwaier were investigated. 

Based on the analytical results and the FRE, one COC requiring further t:valuation through the 

CMS process was identified for soil. 

Residential use of the site is not expected, based on current site uses and the nature of surrounding 

buildings. Current reuse plans call for continued commerciallindustrial use. The site is paved 

with concrete and asphalt. All soil samples were collected from beneath the pavement. 

BEQs were detected in one of four soil sample locations (528SB002) and the equated risk is 2E-06. 

This risk is between USEPA's acceptable risk range of 1E-06 to 1E-04. Since the site is paved 

and the risk is within USEPA's acceptable risk range, no further action is recommended. 

No COPCs were identified in the shallow groundwater for AOC 528. 

Potential corrective measures for the impacted medium and respective COC are in 

Table 10.20.9.1. 

Table 10.20.9.1 
Potential Corrective Measures for AOC 528 

Medium Compounds Potential Corrective Measures 

Soil BEQs No Action 
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10.21 AOC 530, Paint and Oil Storage, Building 35 

Building 35 was used to store paint and oil from 1913 to 1939. Additions were made to the 

building in the 1930s. The Publication and Printing Service was housed in :Building 35 from 1949 

to 1979. This service supplied the printing needs of much of the Bh Naval District. Before 1979, 

wastes generated at Building 35 included an unknown quantity of ferric chloride acid etching bath, 

lithographic developing solution, and photographic developing solution. Most recently, 

Building 35 has been used as a training facility for welding students. 

Materials of concern identified in the Final Zone E RFI Work Plan include alcohols, paints, 

solvents, petroleum hydrocarbons, and heavy metals. Potential receptors that may be exposed to 

site contaminants include current and future building users and any site workers this area may 

support following base closure. 

To fulfill the CSI objectives for AOC 530, soil and groundwater were sampled in accordance with 

the Final Zone E RFI Work Plan, and Section 3 of this report to de:tennine whether any 

contamination resulted from onsite activities. 

10.21.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 530 from the locations shown in Figure 10.21.1. The 

Final Zone E RFI Work Plan, proposed collecting three surface soil samples, four soil samples 

from the upper interval and four samples from the lower interval. Soil samples were also collected 

at both intervals for the two shallow monitoring well locations proposed at this site. 

First-round Sampling - During first-round sampling, all three surface soil samples, all six of the 

proposed upper-interval samples, and a11 six of the proposed lower-interval samples were 

collected. 
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One sample location proposed in the Final Zone E RFI Work Plan was collected and identified as 

an AOC 53 1 sample due to its proximity to AOC 53 1 

All first-round samples were submitted for analysis at DQO Level IIl for VOCs, SVOCs and 

metals. One lower-interval sample selected as a duplicate was analyzed at DQO Level IV for 

Appendix IX analytical parameters, which includes herbicides, h1:xavalent chromium, 

organophosphorus pesticides, and dioxins in addition to the suite of parameters proposed for the 

site. AOCs 530 and 531 have two sample locations in common, due to their close proximity. The 

data from these sample locations was used to help characterize each site, while eliminating the 

need for two additional samples. These locations are 53 1 SB001 and 53QSB8006. Table 10.2 1.1 .1 

summarizes soil sampling at AOC 530. 

Table 10.21.1.1 
AOC 530 

First Round Soil SampIing Summary 

Samples Samples 
Interval Proposed Collected Analyses Proposed Analyses Collected Deviations 

Swface 3 3 YOCs, SVOCs, and VOCs, SVOCs, and None 
metals metals 

Upper 6 6 VOCs, SVOCs, and VOCs, SVOCs, and One sample was 
metals metals identified as an 

AOC 53 1 sample 

Lower 6 6 VOCs, SVOCs, and VOCs, SVOCs, and One sample was 
metais metals identified as an 

Second-round Sampling - Second-round sampling was performed at AOCJ 530 after first-round 

analytical results were compared to USEPA Region III RBCs (April 1996). Parameters exceeding 

RBCs included SVOCs and metals. Section 10.21.2 details specific pariimeters and locations 

which exceeded RBCs. 
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Three upper-interval and three lower-interval samples were proposed during second-round I 

sampling to determine the extent of constituents detected during the initid ~~ound of soil sampling. 2 

All three proposed upper-interval and lower-interval samples were col1ec1:ed. 3 

All second-round samples were submitted for analysis at DQO Level I11 :for SVOCs and metals 4 

based on the first round results. No samples were selected as d~~plicates at this site. s 

Table 10.2 1.1.2 summarizes the second round of soil sampling at AOC 5 30. 6 

Table 10.21.1.2 
AOC 530 

Second Round Soil Sampling Summary 

Samples Samples 
Deviations 

UPPr 3 3 SVOCs and metllls SVCO and metals None 

Lower 3 3 SVOCs and metals SVOCs and metals None 

10.21.2 Nature of Contamination in Soil 7 

Organic compound analytical results for soil are summarized in Table 10.21.2.1. Inorganic s 

analytical results for soil are summarized in Table 10.21.2.2. Appendix H contains the complete 9 

data report for all samples collected in Zone E. 10 

Table 10.21.2.1 
AOC 530 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

5ampling Freq, of Detected Detected findustrial Exceeding 
Corn PO und , Interval Detection Conc. Conc. RBC RBC 

vocs 0 - - 

Acetone upper 51% 24.0 - 480 135 ~0,000,OQO 0 

Lower 5 15 11.0 - 35.0 23.2 NA NA 
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Table 10.21.2.1 
AOC 530 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampliig Frq.  of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

- 

Methylene chloride Upper 318 1.000 - 4.00 2.33 760,000 0 

Lower 315 1.000 - 2.00 1.67 N A NA 

1,1,2 ,~-Tc@P&~o&R~ U W r  lI8 8.00 8-00 29,090 0 

Toluene Upper 318 2.00 - 6.00 3.67 41,000.000 0 

Lower 3 15 1 .OOO - 2.00 1.33 N A NA 

Ttiohlomfhro&me Lower 111 1 .W 1 .OOO NA NA 

Vinyl acetate Lower 115 I f  .O 11 .O N A N A 

svocs 0 

Lower l i8  210 210 N A NA 

Acenaphthylene Upper 511 1 43.0 - 2,300 96 1 8,200,000 0 

Anthracene upper 7111 110 - 32,000 7,270 6 t ,000,000 0 

Lower 118 350 350 NA NA 

Lower 318 200 - 540 413 N A NA 

Benzoic acid Upper 2111 66.0 - 70.0 68 ~00,000,000 0 

bis(2-Ethylhexy1)phthaIate Lower 118 300 300 N A NA 

D i ~ o f u r m  U P P ~  6/11 42.0 10,WI 2,880 :320,000 0 

Lower 1/8 75.0 75 NA NA 

P;luoranhnc Upper 711 1 1,500 - 90.000 26,800 8,200,000 0 

Lower 2 8  1,200 - 2,100 1,650 NA NA 
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Table 10.21.2.1 
AOC 530 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

svocs 

Fluorene Upper 6/11 52.0 - 12,000 3,810 8t,200,000 0 

Lower I18 1 40 140 NA N A 

2-Methyl1~phttrak1~ Slf 1 W.0 - 10,000 5,290 E$oo,000 0 

Lower 118 766.0 75 NA NA 

Naphthalene Upper 5/11 61.0 - 23,000 6,960 E ,200,000 0 - - 

Pbenanthrene UPPr ?ti1 480- lOa,ooO 26,600 8.200,000 0 

Lower 218 470 + 1,700 1,090 N A NA 

Pyrene Upper 7/11 1,200 - 74,000 23.500 6,100,000 0 

Lower 218 780 - 1.500 1,140 NA N A 

SVOCs (B(a)P Equivdents) 

B(a)P Equiv.  UP^ 7/11 1,390 - 9,300 16,300 780 7 

Lower 2/8 917 - 1,060 989 NA NA 

Lower 218 490 - 660 575 N A N A 

Bem)ihmran&ene Upper 411 1 940 - 3,900 2,260 7.800 0 

Lower 118 650 650 N A NA 

Lower 218 480 - 690 585 NA N A 

WWaB~rem U W ~  7/11 909 - 38,000 I0,900 780 7 

h e r  218 620 - 700 560 NA NA 

Chrysene Upper 711 1 720 - 46,000 13,300 '180,000 0 

Lower 218 620 - 650 635 N A N A 
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Table 10.21.2.1 
AOC 530 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Gmc. RBC RBC 

SVOCs (B(a)P Equivalents) Ozgflrg) 

DilrenrIa,b)mthn~~ne U W ~  7/11 270 - 12,000 3,380 780 4 

Lower 218 180 - 190 185 NA NA 

Lower 2/8 430 - 520 475 N A N A 

Dioxins (IWflrg) 

Dioxin Equiv. h e r  111 0.257 0.251 NA NA 

1234678-HpCDD Lower 111 2.83 2.83 NA NA 

OCDD Lower 111 31.9 31.9 NA NA 

Notes: 
~ g l k g  = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.21.2.2 
AOC 530 

inorganic Det- for Soil (mg/Lg) 

Number of 
Range of Mean of 

Snmple Freq. of Dttected 
hpla 

Detected Industrial Reference Exceeding 
Element Interval Detection Conc. Conc. RBC Conc. RBC aud RC 

Aluminum fAl) VIWr 1111 1 2,310 - 7,650 4,w loOwW 26,a 0 

Lower 81% 1,910 - 4,050 3.140 NA 41,100 NA 

Antimony (Sb) UPFr 411 1 1.40 - 3.50 2.43 82.0 1.77 0 

Lower 118 1.70 1.70 N A 1 .60 N A 

Arsenic (A%) upper 9/11 1.70 - 83.8 26.2 3,80 23.9 3 

bwcr 4 8  0.790 - 7.40 2.a NA 19.9 NA 
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Table 10313.2 
AOC 530 

Lnorgauic Detections for Soil (mg/Lg) 

Number of 
Raw of Mean of 

Sample Freq. of Detected Dclected Industrial Reference Exceeding 
Element Interval DekctiDn Conc. Coac. RBC Conc. R B C d R C  

Barium (Ba) Upper 9/11 9.70 - 118 59.2 14,000 130 0 

Lower 7/8 6.90 - 19.8 13.1 N A 94.1 N A 

Beryllium (Be) upper 811 1 0.170 - 0.910 0.259 1.30 I .YO 0 

Lower 418 0.150 - 0.1m 0.160 N A 2.7 1 N A 

Cadnuum (Cd) Upper 8\11 0.06Ca - 7.60 2.84 100 1 .SO 0 

Lower 118 0.0500 0.0500 N A 0.960 N A 

Chromium (Cr) Upper 11111 2.50 - 32.6 11.0 1 ,M)O 94.6 0 

Lower 818 2.10 - 4.70 3.18 N A 75.2 N A 

Lower 7/8 0.460 - 17.1 4.34 N A 1 52 N A 

Iron (PC) Upper 10111 i .5SD - 13,000 5,570 61,000 NA 0 

Lower 718 t ,190 - 2.270 1.830 NA NA N A 

Lcad (Pb) Upper 11/11 3.60 - 1,060 336 1,300 265 0 

Mawsium (Mg) urnr 1111 1 97.7 - 1750 521 NA N A NA 

b w e r  718 91.6 - 163 122 NA NA NA 

Manganese (Mn) Upper 10111 28.2 - 138 75.3 4.700 302 0 

Lower 7/8 7.30 - 53.0 27.5 N A 88 1 N A 

M e m u r ~  m) UPPer 9/11 0.0300 - 9.10 3.46 61 2.60 0 

Lower 218 0.0700 - 0.480 0.275 WA 1.59 NA 

Nickel (Ni) Upper 11/11 1.20 - 30.9 9.65 4,100 77.1 0 

Lower 718 0 . W  - 1 .XI 1.39 NA 57.0 N A 
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Tabk 10.21.2.2 
AOC 530 

Inorganic Detections for Soil (@kg) 

Number of 
w e  of Mean of Samples 

Sample F r q .  of Deteded Detected Industrial Reference E x c d h g  
Element Intervd DettcfiOn Conc. Conc. RBC Conc. RBCnndRC 

Potassium Q) UPPr 9/11 54.5 - 129 290 NA NA NA 

h e r  St8 49.3 - W.4 69.0 NA NA N A 

Selenium (Se) UPPr 5/11 0.440 - 0.790 0.680 1.ooO 1.70 0 

Silver (Agt Upper 4/11 0.480 - 4.20 1 .fZ 1 NA 

Sodium (Na) Upper 9/11 18.5 - 173 69.4 N A N A N A 

Lower 718 12.8 - 205 66.8 N A N A N A 

W h m  (TI) U P  1111 1,40 1 . 4  16 2.80 0 

h n  (Sn) Upper 311 1 1.30 - 13.5 9.33 100,000 59.4 0 

Lower 118 0.800 0.800 N A 9.23 N A 

Vanadium (V) Upper l l l l i  1.90 - 11.9 6.25 1,400 94.3 0 

h e r  8/8 1.70 2.70 2.29 NA 155 NA 

Zinc (Zn) Upper 11 /11  5.20 - 1,490 41 1 61.000 827 0 

Lower 818 2.20 - 51.5 11.2 N A 886 N A 

Nous: 
mg/kg = Milligrams per kilogram 
RBC = Risk-based concenmtion 
RC = Reference concenmtion 
NA = No RBC or RC established 

Volatile Organic Compounds in Soil I 

Seven VOCs were detected in soil samples coilected at AOC 530. Thirteen detections occurred 2 

in both the upper and the lower-intervals. No VOCs were detected above their respective 3 

industrial RBC in the upper interval or respective SSL in the lower interval. 4 

Semivolatile Organic Compounds in Soil 5 

Twenty-one SVOCs were detected in soil samples collected at AOC 530. One hundred and 6 

seventeen detections occurred in the upper-interval and 28 in the lower-interval. Four SVOCs - 7 
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exceeded their respective industrial RBC in the upper interval. No SVOCs exceeded their 

respective SSL in the lower interval. 

Benzo(a)anthracene was detected in seven of 11 upper-interval samples with a range of 670 to 

49,000 pglkg and a mean of 13,800 pglkg. Three upper-interval samples (530SB006, 

20,000 pglkg; 530SB007, 15,000 pglkg; and 530SB008, 49,000 ,uglkg) exceeded the 

benzo(a)anthracene industrial RBC of 7,800 pglkg . 

Dibenz(a,h)anthracene was detected in seven of 11 upper-interval samples with a range of 270 to 

12,000 pglkg and a mean of 3,380 pglkg. Four upper-interval samples (5i30SB004, 930 pglkg; 

530SB006, 4,400 pglkg; 530SB007, 5,000 pglkg; and 530SB008, 12,000 pglkg) exceeded the 

dibenz(a,h)anthracene industrial RBC of 780 pglkg. 

Indeno(l,2,3-cd)pyrene was detected in seven of 11 upper-interval samples with a range of 570 to 

18,000 ~ g / k g  and a mean of 5,880 pgkg. Three upper-interval samples (530SB006,7,900 pgfkg; 

530SB007, 8,600 pglkg; and 530SBOO8, 18,000 pglkg) exceeded the indeno(l,2,3-cd)pyrene 

industrial RBC of 7,800 pglkg. 

Benzo(a)pyrene was detected in seven of 11 upper-interval samples with a range of 900 to 

38,000 pglkg and a mean of 10,900 pglkg. The following seven upper-interval samples exceeded 

the benzo(a)pyrene industrial RBC of 780 pglkg: 

530SBOOl (2,900 pglkg) 530SB007 (14,000 pglkg) 530SBO:lO (I ,200 pglkg) 

530SB00-4 (4,200 pg/kg) 530SB008 (38,000 pglkg) 

530SB006 (15,000 pglkg) 530SB009 (900 pglkg) 
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In accordance with recent cPAH guidance, BEQs were calculated for cPkLHs at AOC 530. The 

upper-interval BEQ was calculated for seven samples with a range of 1,390 to 57,300 pglkg and 

a mean of 16,500 pglkg. The following seven samples exceeded the benzo(a)pyrene industrial 

RBC of 780 pglkg: 

530SB001 (4,437 pglkg) 530SB007 (21,596 pglkg) 530SB010 (1,937 pglkg) 

530SB004 (6,603 pg/kg) 530SB008 (57,300 pglkg) 

530SB006 (22,370 pglkg) 530SB009 (1,394 pglkg) 

Other Organic Compounds in Soil 

Four dioxins were detected in soil samples submitted for analysis from AOC 530. All four 

detections occurred in the lower interval below the compounds' respective SSLs. No upper- 

interval samples were submitted for dioxin analysis. 

Inorganic Elements in Soil 

Twenty-four metals were detected in soil samples collected at AOC 530. Two hundred and eight 

detections occurred in the upper-interval and 119 occurred in the lower-ir~terval. One metal - 
arsenic - exceeded both its respective industrial RBC and RC in the upper interval. No metal 

exceeded both its respective SSL and RC in the lower interval. 

Arsenic was detected in nine of 11 upper-interval samples with a range of 1.70 to 83.8 mg/kg and 

a mean of 24.2 mglkg. Three upper-interval samples (530SB001, 68.3 mg/kg; 530SB008, 

39 mglkg; and 530SE3010, 83.8 mglkg) exceeded both the arsenic industrial RBC of 3.80 mgtkg 

and the RC of 23.9 mglkg. 
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10.21.3 Groundwater Sampling and Analysis 1 

Two deep monitoring wells and two shallow monitoring wells were installed and sampled to assess 2 

groundwater quality at AOC 530 as shown in Figure 10.21.2. The wells were installed as follows: 3 

Shallow Wells - NBCE530001, NBCE530002 
• Deep Wells - NBCE53001D, NBCE53002D 

Groundwater samples were submitted for analysis at DQO Level III for VOCs, SVOCs, metals, 6 

chlorides, sulfates, and TDS. One duplicate sample from a deep monitoring well was collected 7 

and submitted for analysis at DQO Level IV for the suite of parameters listed above as well as 8 

herbicides, organophosphorus pesticides, dioxin, and hexavalent chromium, Table 10.21.3.1 9 

summarizes groundwater sampling and analysis at AOC 530. 10 

Table 10.21.3.1 
AOC 530 

Groundwater Sampling Summary 

Wells Web Analyses Analyses 
Depth Proposed M e d  Proposed Collected Deviations 

SMfow 2 2 VOCs, SVOCs, VOCs, SVOCs, None 
metals, chlorides, metals chlorides, 
sulfates, and TDS sulfates, aad TlIS 

Deep 2 2 VOCs, SVOCs, VOCs, SVOCs, None 
metals, chlorides, metals, chlorides, 

The shallow monitoring wells were installed at 12.5 and 13 feet bgs in the surficial aquifer. The 1 1  

deep wells were installed at 41.3 and 46.9 feet bgs at the base of the surficial aquifer. All wells 12 

were installed in accordance with Section 3.2.3 of this report. 13 
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10.21.4 Nature of contamination in Groundwater 1 

Organic compound analytical results for shallow groundwater are summarized in Table 10.2 1.4.1. 2 

Inorganic analytical results for shallow and deep groundwater are summarizlzd in Tables 10.21.4.2 3 

and 10.21.4.3, respectively. Appendix H contains the complete data report fox all samples 4 

collected in Zone E. 5 

Table 10.21.4.1 
AOC 530 

Organic Compounds Detected in First Quarter Groundwater (ctgL1 
Shallow Monitoring Wells 

Number of 
Range of Mean of W P ~  

Freq. of Detected Detected Tap Water Exceeding 
Compound Detection Conc. Conc. RBC MCL RBC 

Notes: 
9glL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 

Table 10.21.4.2 
AOC 530 

Inorganic Detccti~ns for First Quarter Groundwater m) 
W o w  Monitoring Wells 

Number of 
Rmge af Mean of Samples 

Freq. of Detected Detected Tap Wnter Reference 
Elanent Detection Cmc. Cone. RBC Cone. MCL RBC andRC 

Alumioum (4) 2n 553 - 790 672 3,700 2,810 NA 0 

Arsenic (As) 1 I2 24.2 24.2 0.0450 18.7 50.0 1 

Beryllium I&) m 0.320 0,320 0.0160 0.43 4.m 0 

Calcium (Ca) 212 36,200 - 94,000 65,100 N A NA N A N A 
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Table 10.21.4.2 
AOC 530 

Inorganic Detectiona for Fht Quarter Groundwater bg/L) 
Shnllow Monitoring Wells 

Number of 
Rnnge of Mean of 

Fmq. of Dckaed Detccted Tap Water Reference 
Coae. Caac. Coae. 

Exmding 
Element Dctectioo RBC MCL RBC PndRC 

Cobalt (Co) 2t2 1.000- 1.20 1.10 220 2.5 N A 0 

Magnesium (Mg) 212 3,520 - 3,650 3,590 N A N A N A N A 

Tin (Sn) 112 3.60 3.60 2,200 N A N A 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 
* = 7TAL 

Tnble 10.21.4.3 
AOC 530 

Inorganic Detections for First Quarter Groundwater bg/L) 
Deep Monitoring Wells 

Number of 
RnngC of Mepn of 

Freq. of Dctccted Detected Tap Water Reference 
-* 

Element Detedion Comr. Cone. RBC Caac. 
E==dhz 

MCL RBC PndRC 

Beryllium me) ln 0.430 0*430 O.Ol@J 1 ,2 4.00 0 

Calcium (Ca) 212 62,300 - 66,500 64,400 N A N A N A N A 

Iron (Fe) 212 241 - 493 367 1,100 NA N A 0 

Magnesium (big) 2/2 2,860 - 8.190 5,530 N A N A N A N A 

Zinc Zn 2l2 5.00 - 42.6 23.8 1,100 11.8 NA 0 

Notes: 
wgIL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC. MCL, or RC established 
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VOCs in Groundwater 

Shallow Groundwater 

One VOC was detected in shallow groundwater samples collected at AOC 530. 

1,l-dichloroethene was detected in one of two samples in well NBCE530001 (1.00 pgIL), 

exceeding its respective tap-water RBC of 0.0440 pg/L. The detection did not exceed the 

l , 1-dichloroethene MCL of 7.00 pg/L. 

SVOCs in Groundwater 

Shallow Groundwater 

One SVOC - 2-methylnaphthalene - was detected in shallow groundwater samples collected at 

AOC 530. The SVOC did not exceed its respective tap-water RBC. No MCL has been 

established for 2-methylnaphthalene. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Eleven metals were detected in shallow groundwater samples collected at AOC 530. Two 

metals - arsenic and iron - exceeded both their respective tap-water RBC and shallow 

groundwater RC. 

Arsenic was detected in one of two samples in well NBCE530001 (24.2 pglL), exceeding both its 

tap-water RBC of 0.0450 ,uglL and shallow groundwater RC of 18.7 pg/L. The detection did not 

exceed the arsenic MCL of 50.0 ,ug/L. 

Iron was detected in two of two samples with a range of 2,300 to 4,610 pg/L and a mean of 

3,460 pg/L. Two samples from wells NBCE530001(4,610 ,uglL) and NBCE530002 (2,300 pg/L) 

exceeded the iron tap-water RBC of 1,100 pg/L. No shallow groundwater IRC or MCL has been 

established for iron. 
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Deep Groundwater 

Six metals were detected in deep groundwater samples collected at AOC 530. No metal exceeded 

both its respective tap-water RBC and deep groundwater RC. 

10.21.5 Fate and Transport Assessment for AOC 530 

AOC 530 consists of portions of Building 35 which was used to store paint and oil and house the 

Publication and Printing Service. Most recently, Building 35 has been usedl as a welding training 

facility. The majority of AOC 530 is paved with either concrete or asphalt. Environmental media 

sampled as part of the AOC 530 RFI include surface soil, subsurface soil, and shallow and deep 

groundwater. Potential constituent migration pathways investigated for AOC 530 include soil to 

groundwater, groundwater to surface water, and emission of volatiles frorn surface soil to air. 

10.21.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.21 -5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of (a) 

risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF = 10). 

Seven organic constituents - benzo(a)anthracene, benzo(a)pyrene, tlenzo(b)fluroanthene, 

benzo(k)fluoranthene , dibenzo(a,h)anthracene, indeno(l,2,3cd)pyre1le, and 1,1,2,2- 

tetrchloroethane - were detected in AOC 530 soiI above groundwater protection SSLs. All of 

these organics were detected at concentrations above their generic SSLs irr surface soil samples 

collected at the southwest corner of Building 35, along Second Street and Hobson Avenue. No 

organic constituent was detected in subsurface soil at a concentration above its generic SSL or 

reported in first-quarter groundwater samples. 
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Seven inorganics - antimony, arsenic, cadmium, cobalt, copper, lead, and mercury - were 

detected in surface soil above their respective generic SSLs or background reference values. All 

of these inorganic constituents were detected at concentrations above their groundwater protection 

screening values in surface soil samples collected at the southwest comer of Building 35, along 

Second Street and Hobson Avenue. They were not detected in any AOC 530 subsurface soil 

sample at concentrations exceeding their groundwater protection SSLs . Additionally, antimony, 

cadmium, copper, and mercury were not detected in first-quarter groundwater samples. Of the 

inorganics detected at concentrations exceeding SSLs, arsenic was the only inorganic also detected 

in firstquarter groundwater samples at a concentration above its gr0undwati:r protection screening 

concentration. 

10.21.5.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.21.5.1 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 

greater of (a) risk-based drinking water concentrations, or (b) background reference concentrations 

for groundwater, as well as to the saltwater surface water chronic values. To provide a 

conservative first-tier screen, no attenuation or dilution of constituents in groundwater is assumed 

before comparison to the relevant standards. 

Arsenic and 1,l-dichloroethene were detected in AOC 530 s h i o w  groundwater above their 

groundwater screening values. Arsenic was reported at a concentration exceeding its background 

reference value in the first quarter groundwater sample collected from monitoring well 

NBCE530001. 1,l-Dichloroethene was detected at a concentration exceeding its tap water RBC 

in the frst-quarter groundwater sample collected from monitoring well NBCE530002. Arsenic 

was detected at concentrations below its background reference value and 1,  ldichloroethene was 
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reported as nondetect in samples collected from the shallow aquifer for the three subsequent 1 

quarterly sampling events. 2 

10.21.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.21.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (EMF= 1). The second 

screening tier identifies any constituents in soil or groundwater that posr: a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for combined AOC 530 is 29,500: 1 (see Table 6.2.1). 

With the exception of arsenic, none of the first-tier constituent concentrations exceeded the 1s 

adjusted screening levels of the second tier, indicating that most of the site c:onstituents in soil and 16 

groundwater pose no threat to human health or the environment in the Cooper River. Arsenic was 17 

detected at concentrations above the second-tier screening level in three surface soil samples 18 

(530SB001, 530SB008, and 530SB010) but was not detected in subsu:rface soil samples at 19 

concentrations exceeding its first-tier or second-tier screening levels. 20 

10.21.5.4 Soil-to-Air Cross-Media Transport 21 

Table 10.21.5.3 lists the VOCs detected in surface soil samples collected at AOC 530 along with 22 

corresponding soil-to-air volatilization screening levels. Minimal site surface soil is exposed at 23 

AOC 530. Additionally, no VOCs maximum concentration exceeded its respective soil-to-air 24 
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volatilization screening level. As a result, the soil-to-air migration pathway is not expected to be 

a viable patbway at AOC 530. 

10.21.5.5 Fate and Transport Summary 

All of the excesdances of fmt-tier groundwater protection screening occum:d only in surface soil. 

In the frrst-tier screen, three metals - arsenic, cobalt, and lead - detected above their generic 

SSLs or background reference concentrations in soil were also present in groundwater samples. 

Arsenic was the only metal whose maximum groundwater concentrations exceeded its groundwater 

screening values; however, much lower concentrations of arsenic were rr:ported in subsequent 

quarterly samples. The organic constituents that were identified through tier-one groundwater 

protection screening were not detected in first quarter groundwater samples. 1,l-Dichloroethene 

was detected in one first-quarter shallow groundwater sample at a concentration above its tap water 

RBC, but it was not detected in any subsequent quarterly groundwater sample. With the exception 

of arsenic and 1 ,ldichloroethene, subsequent quarterly groundwater data is consistent with first- 

quarter results, thus adding credibility to conclusions based on firstquarter groundwater data. 

Concentrations of arsenic detected in three surface soil samples (530SB001, 530SBOO8, and 

S30SB010), but not in subsurface samples, exceeded the adjusted SSLs of the second-tier 

comparisons by a maximum ratio of just over 2: 1. However, the maximum concentrations of 

arsenic detected in groundwater did not exceed its second-tier surface water screening value. This 

relationship indicates that while arsenic surface soil concentrations may potentially generate 

leachate above the surface water quality standard after allowing for the dilutional effects of the 

receiving surface water body, current subsurface soil and groundwater dam do not support this 

conclusion. If attenuation of arsenic in the vadose zone and aquifer were considered in the 

screening comparison, the dispersed elevated concentrations of arsenic in surface soil would not 

constitute a threat to water in the Cooper River. 



Table 10.21.5.1 
Chemicals Detected in Surf- Soil. Subsurface Soil, Shallow Groundwater, and Dccp Groundwater 
Compcuiaon lo SSLs, Tap Water RBCs, Salt W ~ c r  Surface Water Chronic Screening Levels, and Background Conccnba tiona: Tier One 
NAWASE-Chatltdoh h e  E: AOC 530 
Charleston, South Carolina 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 
NO YES NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
N O  NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
YES YES NO 
NO NO NO 
NO NO NO 
YES NO NO 

Soil Water 
1niU U ~ l r  

L ~ O  UWL 

LW urn 
LW urn 
L ~ G  uch 
L ~ O  urn 
L ~ G  uoh 

LMG UWL 

LNG uon. 

LGKG UM. 

UOh 

U(M. 

UWL 

Benzo(g,hi)pcrylcne urn 
Benzo(a)pyrme quivalcnta 

800 0.092 urn 
urn 

Bcnzo(b)flumthcne urn 
Bellzo(k)flunsnthene UCWL 

van 
800 0.0092 urn 

urn  
urn 
uon 
urn 
UGR 

van 
u r n  
UGR 

UGR 

UM. 

Dioxin Compounds 
wn 

Inorganic Compounds 

UM 

uoh 

uaz 
820 2600 urn 

uon. 
UM 

S&g Ccmmtrntion 
Soil CO Salt Wtr. 

GW Tap Wster Sd. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
30 0.044 2240 
10 4.1 2560 

1.5 0.052 90.2 
6000 750 37 

13000 1300 NA 
85000 37000 NA 
71000 12000 NA 

285000 2200 9.7 

uon 
19 2200 uon 

152 1500 urn 

urn 
881 2560 uon 

urn  
um 
U r n  

ucar 
jlKO UOlL 

Max. Conocntration 

Shallow Dcep 
GW GW 

ND ND 
1 ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 

Parameter 

Volatile Organic Compounds 
Acetone 
1 ,I -Dichloroclhcne 
Mcthylcne chloride 
1.1.2.2-Tebachlorocthane 
Toluene 
Trichlorofluoromethane 
Vinyl acetate 

Xylene (tatat) 

Semivolatllc Organic Compound# 
Acenaphthcne 

NO NO NO 
YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Max. Concentration 

Surface Subsurface 
Soil Soil 

480 3 5 
ND ND 

4 2 
8 ND 
6 2 

ND 1 
ND 11 

2 ND 

11000 210 



Table 10.21.5.1 
Chemicals Dctccted in Surface Soil, Subsurface Soil, Shallow Groundwater, and Deep Groundwater 
Cornparkon lo SSLa, Tap Waker RBQ Salt Water Surface Watm Chronic Screening Levels, and Background Concentrations: Tier One 
NAVBASECharlcslon, Zone E: AOC 530 
Chrrlcrlon South Carolina 

* Screening Conccntmtions: 

Parameter 

Tin 
Vanadium 
Zinc 

Soil to OW - Generic SSLs based on DM = 10, adapted h m  1996 EPA Soil Screening Guidance or caloulakd uskg values Gom Table 6.2 
Tap Water RBC - From EPA Region 111 Risk-Jhd  Concentration Table, Jlne 3.1996 
Salt Water SlPfacs Waker Chronic - From EPA Supplcmcnkal Guidance to RAGS: Region 4 Bulletins, Ecological Risk Aascssmm~, Novmbcr, 1995; Table 2 

In each case, the value shown in thc greater of the relevant screening value or the comeuponding background reference value 

Max. Coaccllhlim 

Surface Subaurfacc 
Soil Soil 

13.5 0.8 
11.9 2.7 

1490 51.5 

Units: See notes for Table 10.1.5.1 

Ida.% Concentration 

Shallow Deep 
GW GW 

3.6 ND 
ND ND 

14.9 42.6 

Screening Conoenlralion * 
Soil to Salt Wtr. 
GW Tap Water Sd. Wtr 
SSL RBC Chronic 

59.4 22000 NA 
3000 260 NA 
6000 11000 86 

:Soil Water 
IJnits Unild 

r~mc urn 
LI~YKG urn 
hlmc urn 

Oround- Surfecc 
Wntcr W W  

Laching Migration tvbgralion 
Potsntial Concern Concern 

NO NO NO 
NO NO NO 
NO NO NO 



Table 10.21.5.2 
Chemicals Detected in Surface Soil, Subsurfacc Soil, Shallow Groundwdcr, or Deep Groundwater at Conomhations Exceeding any Initial Screening Conoentration 
Comparison to Combined EwlogioalNuman Health RBCs Adjusted for Surface Water Dilution, and to SSLs Bascd on Adjusted Ecologicr~uman Heetth RBCs: Tier Two 
NAVBASECharlcston, Zone E: AOC 530 
Charleston South Carolina 

* initiai Screening Concentrations: See notes for Table 10.1.5.2 
In his table, the screening \valuer sho\vn are not adjusted for background reference values. 

Parameter 

Volatile Organic Compoundl 
1,l -Dichlorocthme 
1,1,2,2-Tetrachloroethanc 

Scmlvolntlle Organic Compounds 
Bcnzo(a)pyrenc equivalcnb 

Benzo(a)anthraccnc 
Benzo(a)pyrcnc 
Bcnzo(b)fluoranthenc 
Bcnzo(k)flumLenc 
Dibmzo(qh)anthracene 
Indeno(l,2,3-~d)py~cnc 

Inorganic Compounds 
Antimony 
Anenic 
Cadmium 
Cobalt 

COPF 
Lead 
Mcrcuty 

# Adjusted Screening Concentrations: See notes for Table 10.1.5.2 
Adjudod E c o H  Groundwater RBC - Combined EcoRM S d f f i e  Water RBCs multiplied by site-specific surface wata dilution factor of 29,500: GW mcenht ions  protcctivc of surface water 

Units: See notes for Table 10.1.5.2 

Max. Concentration 

Surface Subsurface 
Soil Soil 

ND ND 
8 ND 

49000 660 
38000 700 
3 900 650 
57000 690 
12000 190 
18000 520 

3.5 1.7 
83.8 7.4 
7.6 0.05 

37.5 2.2 
23 6 17.1 
1060 47.7 
9.1 0.48 

Max. Concentration 

Shallow Deep 
GW GW 

1 ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
24.2 ND 
ND ND 
1.2 ND 
ND ND 
2.3 ND 
ND ND 

lnitial 
Screening Concentrations 

Soil to Salt Wtr. 
GW Tap Watcr S d .  Wtr. 
SSL RBC Chronic 

30 0.044 2240 
1.5 0.052 90.2 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 
24500 0.92 NA 
800 0.0092 NA 
7000 0.092 NA 

2.5 I5 NA 
14.6 0.045 36 

4 18 9.3 
1040 2200 NA 
458 1500 2.9 
400 15 8.5 
1.04 1 1  0.2 

Adjuated Screening Concentrations # 

Combined Adjusted Target 
EwMH Eco/HH Lcachate SSL Adjusted 

Surf. Wtr. G W  Cono. Multi- SSL 
RBC RBC (DAF=I) plier (DAF=l) 

0.044 1.30E+03 7 1.858+02 5.56E+02 
0.052 1.53Et03 0.4 3.84E+03 5.75E+02 

0.092 2.71€+03 0.1 2.71E+04 2.17E+06 
0.0092 2.71E+02 0.2 1.36E+03 5.43E+05 
0.092 2.71E+03 0.1 2.71E+04 6.79E+06 
0.92 2.71E+04 1 2.71E+04 1.04E+07 

0.0092 2.716+02 0.01 2.71E+04 2.17E+06 
0.092 2.71E+03 0.1 2.718+04 1.04E+07 

15 4.43EtO5 6 7.38E+04 1.84E+04 
0.045 1.33E+03 50 2.66E+01 3.88EMl 
9.3 2.74Et05 5 5.49E+04 2.19E+04 

2200 6.49E+07 2200 2.95E+04 l.OOE+06 
2.9 8.56E+04 1300 6.58E+Ol 3.01E+03 
8.5 2.51E+O5 1 5  1.67E+04 6.69E+05 
0.2 5.90E+03 2 2.95E+03 3.07E+02 

Unita 

Soil Watcr 
Units Unib 

vcmc UGL 

UM(G UOL 

u m o  UGR 

UGKF UGL 

v m ~  U G ~  

u m o  uah 
u m o  u rn  
UGKG uak 

M ~ C  UOL 

~ w o  uoh 
MOMC u r n  
MGKG UGL 

MMG u r n  
MOMO UGL 

MGKG UOR 

Screening RwutCI 

Surfwc 
Water 

Leaching Migration 
Potential Concern 

NO NO 
NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
YES NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 



Table 10.21.5.3 
Soil-to-Axr Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 530 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 ksk-Based Concentration Table, June 1996. 
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10.21.6 Fixed-Point Risk Evaluation for AOC 530 

10.21.6.1 Site Background and Investigative Approach 

AOC 530 is the site of a former paint and oil storage area muilding 35). This site is located in 

a highly industrialized portion of Zone E. As a result, the risk assessment for this site is presented 

as a fixed-point risk evaluation (FRE) following the framework presented in Section 7.3. 

A total of 11 surface soil samples were considered in the AOC 530 FRE. :Four monitoring wells 

were installed as part of the 1995 RFI. Two of these monitoring wells were installed into the 

shallow aquifer and two were installed into the deep aquifer. Groundwatcx data generated from 

the first quarter RFI sampling event are used to represent point risWhazard Ior the AOC 530 FRE. 

Sections 10.2 1.1 and 10.21.3 contain summaries of the sampling effort lbr AOC 530 soil and 

groundwater. 

10.21.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.21.6.1 provides CPSS summaries for AOC 530 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and RC reference conce:ntrations. Based on 

residential RBCs, six COPCs (antimony, arsenic, BEQs, cadmium, lead, and mercury) were 

identified for AOC 530. Beryllium and thallium were detected in AOC 530 soil at concentrations 

above their RBCs but were eliminated from consideration in the residential FRE based on 

comparison to their background concentrations. Wilcoxon rank sum test analyses did not result 

in the inclusion of any parameter that had been screened out based on background concentration. 

Table 10.21 -6.2 summarizes the residential COPCs detected at each AOC; 530 sample location 

with contribution to risk and hazard. As shown, arsenic and benzo(a)pyrene equivalent 

compounds are the only contributors to risk for AOC 530 surface soil, exceeding 1E-06 at nine 

of 11 locations. No COPCs were detected in samples 530SB002 and 530SB005 that would have 

contributed to risk. Figure 10.21.3 is a spatial presentation of residential risk estimates for 
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AOC 530 surface soil. For those samples with detected concentrations of' carcinogenic COPCs, 

risk estimates range from 4E-06 to 1E-03 with an arithmetic mean risk of 2E-04 (assuming a 

deminimus risk of 1E-07 for samples with no carcinogenic COPCs). 

Figure 10.21.4 is a spatial presentation of HI estimates for AOC 530 surface soil. As shown, HI 

projections exceeded the threshold of unity at three of 11 sample locations. No COPCs were 

detected in samples 530SB002 and 530SB005 that would have contributed to HI e s t i t e s .  Those 

samples with concentrations of COPCs contributing to HI estimates had a range of 0.001 to 4 with 

an arithmetic mean HI of 1 (assuming a deminimus HI of 0.01 for samples with no detected 

concentrations of COPCs contributing to HI projections. Arsenic was the primary contributor to 

HI projections at each location. 

Industrial Scenario 

Based on industrial RBCs, arsenic and BEQs were identified as COPCs for AOC 530 surface soil. 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 

screened out based on background concentration. 

Table 10.2 1 .6.3 summarizes the industrial COPCs detected at each AOC 530 sample location with 

contribution to risk and hazard. As shown, arsenic and benzo(a)pyrene equivalent related risk 

estimates for AOC 530, exceeded 1E-06 at nine of 11 locations, based on tlie industrial scenario. 

No carcinogenic COPC were detected in samples collected from localtions 530SB002 and 

530SB005. Figure 10.21.5 is a spatial presentation of industrial scemrio risk estimates for 

AOC 530 surface soil. For those samples that had detected concentrations of carcinogenic 

COPCs, risk estimates range from 6E-07 to 2E-04 with an arithmetic mean risk of 4E-05 

(assuming a deminimus risk of 1E-07 for samples with no detected concentrations of carcinogenic 

COPCs) . 
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HI projections did not exceed the threshold of unity at any sample locations based on the industrial 

scenario. HI estimates range from 0.004 to 0.2. 

Lead 

Lead was detected in all 11 surface soil samples collected at AOC 530. Soil concentrations ranged 

from 3.6 to 1060 mg/kg and exceeded the residential clean up level of 400 mglkg in four of 

11 samples (530SB001, 5320SB006, 530SB007, and 530SB008). The mean detected lead 

concentration for AOC 530 is 336 mglkg which is below the action level of 400 mglkg, considered 

protective of children under a residential scenario, and the industrial cleanup level of 1,300 mglkg, 

considered protective of adults under an industrial scenario. However, the mean lead soil 

concentration calculated for the surface soil samples collected at the south west corner of 

Building 35 (samples 530SB001, 530SB006,530SB007,530S3008,530S13009, and 530SB010) 

was calculated to be 602 mglkg. These samples represent an area of approximately 0.2 acres. 

Figure 10.21.6 is a spatial presentation of lead soil concentrations, using the surface soil 

background concentration of 265 mglkg, the residential soil lead cleanup level of 400 mglkg, and 

the industrial soil lead cleanup concentration of 1,300 mglkg as benchmark levels to illustrate the 

lead soil concentrations AOC 530. 

10.21.6.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.21.6.4 provides CPSS summaries for AOC 530 groundwater and identifies COPCs. 

Arsenic and I ,ldichloroethene were identified as groundwater COPCs in the shallow aquifer and 

no COPCs were identified in the deep aquifer. COPC identification was based on comparison of 

first quarter groundwater concentrations to tap water RBCs, as well as corresponding background 

concentrations for inorganics. Manganese was detected in AOC 530 sha1;low groundwater at a 

concentration above its RBC, but was eliminated from consideration in the FRE for shallow 

groundwater, based on comparison to its background concentration. The muimurn concentrations 

of both beryllium and manganese reported in the deep well sample exceeded their respective RBCs 
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but were eliminated ftom consideration in the deep groundwater FRE based on comparison to their 

RCs. AOC 530 groundwater data were not sufficient to perform Wilcoxon rank sum test analyses 

(less than four samples). As a result, manganese was eliminated from the shallow and deep 

groundwater FRE, and beryllium was eliminated from the deep groundwater FRC based on direct 

comparison of their maximum concentrations to their corresponding RCs. 

Table 10.21.6.5 summarizes the COPCs identified in AOC 530 monitoring wells sampled during 

the first quarter. Risk projections above IE46 were associated with concentration of arsenic and 

1,ldichloroethene in the first quarter groundwater sample collected from monitoring well 

NBCE530001. Neither arsenic nor 1,l-dichloroethene were detected in the first quarter 

groundwater sample collected from monitoring well NBCE530002. Risk estimates were 

approximately 5E-4 for arsenic, and 1E-5 for 1,l-dichloroethene. No CQPCs were reported in 

first quarter samples collected from either of the deep monitoring wells. Figure 10.21.7 illustrates 

the groundwater data as a function of point-specific risk projections. 

Monitoring well NBCE530001 produced first quarter results corresponding with a HI of 

approximately 5, primarily due to the concentration of arsenic. No COPC: were reported in the 

first quarter samples collected fiom the deep monitoring wells. Figure 110.2 1.8 illustrates the 

groundwater data as a function of point-specific hazard projections. 

10.21.6.4 Uncertainty 

AOC 530 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 
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Characterization of Exposure Setting and Identification of Exposure Pathways 1 

The potential for high bias is introduced through the exposure setting and :pathway selection due 2 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 3 

Region IV when assessing potential future and current exposure. The exposure assumptions made 4 

in the site worker scenario are highly protective and would tend to overestimate exposure. 5 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would Iikely change - the soils could be covered with landscapirlg soil andlor a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the :risk and hazard posed 

to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at AOC 530, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of Risk/Hazard 

Soil 

A conservative screening process was used to identie COPCs for AOC 530. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 
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noncarcinogens through the use of RBCs that were reduced one ordt:r of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use: of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risWhazard based on eliminated (3PSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to IRBCs, only aluminum 

was reported at a concentration close to its RBC (e-g. within 10% of its RBCs). The maximum 

surface soil concentration of aluminum (7,650 mglkg) was well below its RC (26,600 mg/kg). 

Beryllium and thallium were reported in AOC 530 soil at concentrati13ns above their RBC 

benchmarks and were eliminated from consideration in the FRE based on comparison to their 

background concentration. As a result, their contribution to risWhazard has not been considered 

in this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g. within 10% of its RBCs). 

Arsenic and 1, ldichloruethene were contributors to risk and hazard projections for groundwater 

exposure pathways, Arsenic was detected in five of the eight quarterly saml)les collected from the 

shallow aquifer, however, arsenic was only detected in one shallow groundwater sample (first 

quarter, NBCE530001, 24.2 ,ug/L) at a concentration above its RC. The mean arsenic shaHow 

groundwater concentration (assuming one-half SQL for nondetects) for all four quarters of samples 

from NBCE530001 was calculated to be 11.1 pg/L which is below its RC of 18.7 pglL. 

1,l-Dichloroethene was only reported in one of eight groundwater samples collected from the 
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shallow aquifer over four quarters of sampling. The reported SQL for 1,l-dichloroethene was 

5 pg/L. These findings indicate that while arsenic contributes to elevated risk and hazard 

projections, its temporal average concentration was below its RC. Additionally, since 

1,ldichloroethene was only detected once out of eight shallow groundwater samples, it 

contribution to risk has likely been overestimated in the AOC 530 FRE. 

10.21.6.5 Fixed-Point Risk Evaluation Summary 

The risk and hazard posed by contaminants at AOC 530 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first 

quarter data and considers the both the ingestion and inhalation pathways. Risk and HI estimates 

are presented on Tables 10.21.6.2, 10.21.6.3, and 10.21.6.5 such that a risk (E-06) or HI that 

exceeds one fox any COPC at any given sample location is an indication that the concentration of 

that COPC exceeds its RGO (calculated at a target risk of 1E-06 and a target. hazard quotient of 1). 

Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zont: E. 

Soil - Residential Scenario 

Arsenic and benzo(a)pyrene equivalent compounds were detected in AOC 530 surface soil at 

concentrations above their residential RGOs . 

Soil - Site Worker Scenario 

Arsenic and benzo(a)pyrene equivalent compounds were detected in AOC 530 surface soil at 

concentrations above their industrial RGOs . 



Drnfr Zone E RCRA Facility lnvestigm'on Repon 
NA VBASE Charleston 

Section 10: Sire-Spec@c EvaIuan'ons 
November 1997 

Groundwater - Residential Scenario 

Arsenic and 1, ldichloroethene were detected in shallow groundwater at concentrations above 

their RGOs. Arsenic did not exceed its MCLs through four quarters of sampling and its average 

concentration was below its RC. While 1,ldichloroethene was detected in one shallow 

groundwater sample at concentrations above its RGO, it was not detected i n  subsequent quarterly 

groundwater samples. 

Thallium was detected in third quarter sample collected from all four monitoring wells at 

concentrations above its MCL. The average concentration for all monitoring wells and all four 

quarters of sampling, assuming one-half SQL for nondetects (2.2 pg/L), is only marginaIly above 

its MCL (2 pg/L). Pentachlorophenol was detected in the third quarter sample from monitoring 

well NBCE530002 at a concentration of 2 pg/L which is above its MCL of 1 pg/L. 

Pentachlorophenol was not detected in any other AOC 530 groundwater sample through four 

quarters of sampling. 
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Table 10.21.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOC 530 

NAVBASE-Charleston 
Charleston. South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
530 BOO1 Antimony (Sb) 3.50 MGlKG N A 0.1200 348  
530 BOO1 Arsenic (As) 68.30 MGlKG 178.3997 70.83 3.1218 90.64 
530 BOO1 B(a)P Equiv 4437.40 UGIKG 73 4847 29 t7  N A 
530 BOO1 Cadmlum (Cd) 1.10 MGlKG N A 0.0151 044 
530 BOO1 Lead (Pb) 543.00 MGIKG N A N A 
530 BOO1 Mercury (Hg) 4. I0 MGlKG N A - 0 1874 5 44 

Total 251.8844 3.4443 

530 8002 Antrmony (Sb) ND MGIKG N A N A 
530 BOO2 Arsenic (As) ND MGIKG N A N A 
530 8002 B(a)P Equiv. ND UGlKG N A N A 
530 3002 Cadmium (Cd) ND MGlKG N A N A 
530 BOO2 Lead (Pb) 3.60 MGIKG N A N A 
530 8002 Mercury (Hg) ND MGIKG N A - N A 

Total N A N A 

530 BOO3 Antimony (Sb) 
530 6003 Arsenlc (As) 
530 BOO3 B(a)P Equiv 
530 8003 Cadmium (Cd) 
530 8003 Lead (Pb) 
530 8003 Mercury (Hg) 

Total 

ND MGlKG N A N A 
3.20 MGlKG 8.3584 100.00 0 1463 96.39 
ND UGIKG N A N A 
ND MGlKG N A N A 

11 .OO MGlKG N A N A 
0 12 MGlKG N A - 0.0055 3.61 

8.3584 0.1517 

530 8004 Antimony (Sb) ND MGlKG N A N A 
530 BOO4 Arsenic (As) 3.50 MGlKG 9.1420 7.72 0.1600 95.37 
530 8004 B(a)P Equiv. 6603.00 UGlKG 109.3477 92.28 N A 
530 8004 Cadmium (Cd) 0 30 MGIKG N A 0.0041 2.45 
530 8004 Lead (Pb) 41 .OO MGlKG N A N A 
530 8004 Mercury (Hg) 0.08 MGlKG N A - 0.0037 2.18 

Total 11 8.4897 0.1677 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv. 
Cadmium (Cd) 
Lead (Pb) 
Mercury (Hg) 

Total 

Antimony (Sb) 
Arsenic (As) 
B(a)P Equiv 
Cadmium (Cd) 
Lead (Pb) 
Mercury (Hg) 

Total 

ND MGlKG N A 
ND MGIKG N A 
ND UGIKG N A 
ND MGlKG N A 

9 50 MGlKG N A 
0 03 MGlKG N A - 0.0014 100.00 

N A 0.0014 

2.60 MG/KG N A 0.0891 10.52 
5.80 MGlKG 15.1496 3.93 0.2651 31.30 

22370.00 UGlKG 370.4542 96.07 N A 
5.60 MG/KG N A 0.0767 9.06 

638.00 MGlKG N A N A 
9 10 MGlKG N A 0.4159 49.11 

385 6038 0.8469 



Table t0.21.6.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
AOC 530 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E46) % Risk Hazard Index Oh HI 

530 8007 Antimony (Sb) 2.20 MGlKG N A 0.0754 7.97 
530 8007 Arsenic (A;) 8.20 MGlKG 21.4184 5.65 0.3748 39.60 
530 8007 B(a)P Equiv 21596.00 UGlKG 357.6365 94.35 N A 
530 8007 Cadmium (Cd) 7.20 MGlKG N A 0.0986 10 42 
530 8007 Lead (Pb) 1060.00 MGlKG N A N A 
530 BOO7 Mercury (Hg) 

Total 
8.70 MGIKG N A - 0.3977 42 01 

379.0549 0.9465 

530 8008 Antimony (Sb) 1.40 MGIKG N A 0.0480 2.19 
530 BOO8 Arsenic (As) 39.00 MGlKG 101.8680 9.69 1.7826 81.37 
530 BOOB B(a)P Equiv. 57316.00 UGlKG 949.1709 90.31 N A 
530 8008 Cadmium (Cd) 7.60 MGIKG N A 0.1041 4.75 
530 8008 Lead (Pb) 1050.00 MGIKG N A N A 
530 BOO8 Mercury (Hg) 

Total 
5.60 MGIKG N A - 0.2560 11 68 

1051.0389 2.1 907 

530 8009 Antimony (Sb) ND MGIKG N A N A 
530 BOO9 Arsenic (As) 3.90 MGlKG 10.1868 30.60 0.1783 90.53 
530 8009 B(a)P Equiv. 1394.82 UGlKG 23.0987 69.40 N A 
530 8009 Cadmium (Cd) 0.06 MGlKG N A 0.0008 0.42 
530 8009 Lead (Pb) 42.00 MGIKG N A N A 
530 8009 Mercury (Hg) 

Total 
0.39 MGlKG N A - 0.0178 9.05 

33.2855 0.1969 

530 8010 Antimony (Sb) ND MGIKG N A N A 
530 BOlO Arsenic (As) 83.80 MGIKG 218.8857 87.21 3.8303 96.34 
530 BOlO B(a)P Equrv 1938.60 UGlKG 32.1038 12.79 N A 
530 BOlO Cadm~um (Cd) 0.61 MGlKG N A 0.0084 0.21 
530 B010 Lead (Pb) 279.00 MGIKG N A N A 
530 001 0 Mercury (Hg) 

Total 

530 BOl I Ant~rnony (Sb) ND MGIKG N A N A 
530 301 I Arsen~c (As) 1 70 MGlKG 4.4404 100.00 0.0777 95.78 
530 B o l l  B(a)P Equlv. ND UGlKG N A N A 
530 B o l l  Cadmium (Cd) 0.25 MGIKG N A 0.0034 4.22 
530 B o l l  Lead (Pb) 15.60 MGIKG N A N A 
530 BOl I Mercury (Hg) ND MGIKG N A - N A 

Total 4.4404 0.081 1 



Table 10.21.6.3 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Industrial Scenario 
AOC 530 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
530 BOO1 Arsenic (As) 68.30 MGIKG 25.2373 62.81 0.1 570 100.00 
530 BOO1 B(a)P Equiv. 4437.40 UGIKG 14.941 3 37.1 9 - NA 

Total 40.1787 0.1 570 

530 BOO2 Arsenic (As) ND MGIKG NA NA 
530 BOO2 B(a)P Equiv. ND UGIKG NA - NA 

Total NA NA 

530 BOO3 Arsenic (As) 3.20 MGIKG 'I .I824 100.00 0.0074 100.00 
530 6003 B(a)P Equiv. ND UGIKG NA - NA 

Total 'I .I824 0.0074 

530 8004 Arsenic (As) 3.50 MGIKG 1.2933 5.50 0.0080 100.00 
530 BOO4 B(a)P Equiv. 6603.00 UGIKG 22.2332 94.50 - NA 

Total 23.5265 0.0080 

530 BOO5 Arsenic (As) ND MGIKG N A NA 
530 BOO5 B(a)P Equiv. ND UGIKG N A - NA 

Total N A NA 

530 BOO6 Arsenic (As) 5.80 MGIKG 2.1431 2.77 0.01 33 100.00 
530 8006 B(a)P Equiv. 22370.00 UGIKG 75.3229 97.23 - NA 

Total 77.466 1 0.01 33 

530 8007 Arsenic (As) 8.20 MGIKG 3.0300 4.00 0.01 89 100.00 
530 8007 B(a)P Equiv. 21596.00UGlKG 72.7167 96.00 - NA 

Total 75.7467 0.01 89 

530 BOO8 Arsenic (As) 39.00 MGIKG 14.41 08 6.95 0.0897 100.00 
530 BOO8 B(a)P Equiv. 57316.00 UGIKG 192.9910 93.05 - NA 

Total 207.401 7 0.0897 

530 6009 Arsenic (As) 3.90 MGIKG 1.4411 23.48 0.0090 100.00 
530 BOO9 B(a)P Equiv. 1394.82 UGIKG 4.6966 76.52 - NA 

Total 6.1 376 0.0090 

530 6010 Arsenic (As) 83.80 MGIKG 30.9647 82.59 0.1927 100.00 
530 8010 B(a)P Equiv. 1938.60 UGIKG 6.5275 17.41 - NA 

Total 37.4922 0.1 927 

530 B o l l  Arsenic (As) 1.70 MGlKG 0.6282 1 00.00 0.0039 100.00 
530 B o l l  B(a)P Equiv. 

Total 
ND UGlKG NA - NA 

0.6282 0.0039 
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Table 10.21 -6.5 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
AOC 530 

NAVBASE-Charleston 
Charleston, South Carolina 

530 G02D No COPCs 
Total 

ND UGlL N A N A 
N A N A 

530 GOO1 Arsenic (As) 
Total 

24.20 UGlL 539.8826 97.91 5.1568 99.73 
551.4090 5.1710 

530 GO02 Arsenic (As) 
Total 
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10.21.7 Corrective Measures Considerations I 

For AOC 530, the upper and soil intervals and the shallow and deep groundwater were 2 

investigated. Based on the analytical results and the FRE, COCs requiring further evaluation 3 

through the CMS process were identified for the upper soil interval and the shallow groundwater. 4 

Residential use of the site is not expected, based on current site uses and the nature of surrounding s 

buildings. Current reuse plans call for continued commercial/industria1 use. 6 

Arsenic and BEQs were identified as COCs for the upper soil intervaf. Arsenic and BEQs are the 7 

only contributors to risk for AOC 530 surface soil, exceeding 1E-06 at nine of 11 locations. 8 

Arsenic was the primary contributor to HI projections at each location. Ccrrrective measures that 9 

prevent infiltration and percolation will be considered, along with stabilization. 10 

Lead was detected in all 11 surface soil samples collected at AOC 530. Soil concentrations ranged 11  

from 3.6 to 1,060 mg/kg and exceeded the residential clean up level of ,400 mglkg in four of 12 

11 samples (530SB001, 530SB006, 530SB007, and 530SB008). The mean detected lead 13 

concentration for the surface soil samples collected at the southwest comer of Building 35 was 14 

602 mglkg. 15 

Arsenic and 1 ,ldichloroethene were identified as COCs in shallow groundwater at concentrations 16 

exceeding the risk-based remedial goal options of 0.000045 and 0.0001 I. mg/L, respectively. 17 

Arsenic did not exceed the M C b  through four quarters of sampling and its average concentration 18 

was below its RC. While 1,l-dichloroethene was detected in shallow groundwater at 19 

concentrations above its RGO, it was not detected in subsequent quarterly groundwater samples. 20 

Potential corrective measures for tbe impacted media and respective COCs are in Table 10.21.7.1. 21 

Corrective measures for AOC 530 are detailed in Section 9. 22 
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Table 10.21.7.1 
Potential Corrective Measures for AOC 530 

Medium Compounds Potential Corrective Measures 

Soil Arsenic and 3EQs a) No Action 
b) fntrhic Remediation and 

MonitoM 
c) corn-t by capping 
d) Excavation and Ladfiit, if 

RCRA-nonhazatdcws Waste 
el In-sh, Chemical and 

Physical Treatment 
f )  Ex-sm, Chemicaland 

Pbysial Treatment 

Shallow Groundwater Arsenic and I ,  1-dichloroethene a) No Action 
b) Intrulsic Remediation and 

Momtoring 
c) Ex-si.tu, Chemical and 

Physical Treatment 
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10.22 AOC 531, Substation and Storage, Building 459 

Building 459 was constructed in 1974 and was used for storage and served as an enclosure for a 

substation. The building h s  two sections; a metal enclosure containing high-voltage switches and 

a transformer; and a concrete building containing a battery bank and associated supplies. A 

1986 UST Registration document reports the presence of a 20,000-gallon fuel oil tank. No other 

investigations have been located regarding this facility. 

Materials of concern identified in the Final Zone E RFI Work Plan include batteries, dielectric 

fluid, and petroleum hydrocarbons. Potential receptors that may be exposed to site contaminants 

include current and future building users and any site workers this area may support following 

base closure. 

To fulfill the CSI objectives for AOC 531, soil and concrete wipe samples were collected in 

accordance with the Final Zone E RFI Work Plan, and Section 3 of this report to determine 

whether any contamhation resulted from onsite activities. 

10.22.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 531 from the locations shown in Figure 10.22.1. The 

Final Zone E RFI Work Plan, proposed collecting two soil samples from the upper interval and 

two samples from the lower interval. 

First-round Sampling - During the first round of sampling, both proposed upper-interval and 

lower-interval samples were collected. One sample location originally proposed for AOC 530 was 

designated as an AOC 53 1 sample and identified as 53 1SB001. 

All first-round samples were submitted for analysis of VOCs, SVOCs, metals, PCBs, and pH 

at DQO Level III. AOCs 530 and 531 have two sample locations in common, due to their close 



- SOIL BORINGS 
(CJ - CORE SAMPLES 
@ - DEEP MONITORING WELLS 

NAVAL BASE CHARLESTO 

@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 
A - SEDIMENT SAMPLES 

- THICKNESS SAMPLES 
- WlPE SAMPLES 
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proximity. The data from these sample locations, 531SB001 and 530SB006 were used to help 1 

characterize each site, while eliminating the need for two additional samples. No samples were 2 

selected as duplicates at this site. Table 10.22.1.1 summarizes first-round soil sampling at 3 

AOC 531. 4 

Table 10.22.1.1 
AOC 531 

First-Round Soil Sampling Summary 

Samples Samples Analyses Analyses 

UP 2 3 VOCs, SVOCs, VWs, SVOCs, One sample to be 
PCBs, metals, and PCBs, metals, shared with AOC 530 

and pH was identified as 

Lower 2 3 VOCs, SVOCs, VOCs, SVOCs, One sample to be 
PCBs, metals, and PCBs, metals, shared with AOC 530 
PH and pH was identified as 

53 1 SB00 1 

Second-round Sampling - Second-round sampling was performed at AOC: 53 1 after first-round 

analytical results were compared to the USEPA Region ID RBCs (April 1996). Parameters 

exceeding RBCs included SVOCs and metals. Section 10.22.2 details specific parameters and 

locations which exceeded RBCs . 

Three upper-interval and three lower-interval samples were proposed during second-round 

sampling to determine the extent of constituents detected during the initial n3und of soil sampling. 

Two of the three proposed upper-interval samples and two of the three proposed lower-interval 

samples were collected. 
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The upper and lower-interval samples proposed at one of the proposed second-round locations 

could not be collected due to surface and subsurface obstructions in the form of large rocks and 

subsurface utility lines. 

A11 second-round samples were submitted for analysis at DQO Level III for SVOCs, metals, and 

pH. No duplicates were selected at this site. Table 10.22.1 .2 summarizes the second-round soil 

sampling at AOC 53 1. 

Table 10.22.1.2 
AOC 531 

Second-Round Sod Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Proposed collected Deviations 

Upper 3 2 SVOCs, metals, S V W ,  metals, One sample could not 
and pH PH be collected 

Lower 3 2 SVOCs, metals, SVOCs, metals, One sample could not 
and pH and pH be collected 

10.22.2 Nature of Contamination in Soil 9 

Organic compound analytical results for soil are summarized in Table 10.22.2.1 . lnorganic I o 

analytical results for soil are summarized in Table 10.22.2.2. Appendix H contains the complete i I 

data report for all samples collected in Zone E. 12 
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Table 10.22.2.1 
AOC 531 

Organic Compounds Detected in Soil &/kg) 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Cone. Conc. RBC 

vocs 

Tdwne umr 113 1.000 1.000 41,000,000 o 

svocs 
Acpnaphthene upper 315 130 - 150 f 37 1 2 , ~ o O O  0 

Acenaphthy lene Upper 2/5 86.0 - 140 113 8,200,000 0 

Anthracene V W ~  4/5 170 - 1 ,fK10 540 61 .OW,oOO 0 

Lower iR 100 IQO NA N A 

Lower 415 91.0 - 440 183 N A N A 

3enzoic acid U P F ~  115 40.0 40.0 100,000,000 0 

Lower 115 72.0 72.0 NA NA 

Dibenzofuran upper 115 55.0 55.0 1120.000 0 

Diethytphthalate UPPr 1 15 7 3 . 0  73.0 10(f,a)0,000 0 

Fluoranthene Upper 515 720 - 11.000 5,460 8.200,OOO 0 

Lower 415 200 - 1,300 5 15 NA N A 

Naphthalene U W ~  115 60.0 40.0 8,200,OoD 0 

Phenanthrene Upper 5 / 5  300 - 4,500 2,050 8,200,000 0 

Lower 315 100 - 510 243 NA N A 

Srrene Upper 5/5 540 - 9,800 5,130 8,200,000 0 

Lower 515 110 - 1,100 370 NA NA 
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Table 10.22.2.1 
AOC 531 

Orgauic Compounds Detected in Soil (&kg) 

Number of 
Rauge of Mean of Samples 

Sampling Fnq. of Detected Detected hldustrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

SVOCs (B(a)P Equivalents) 

Lower 5A 115 - 914 3 15 NA N A 

Lower 515 92.0 - 550 204 N A N A 

Benzo@)fluoranthene Upper 515 550 - 6,100 3,750 7,800 0 

Lower 515 88.0 - 480 2U2 HA N A 

Lower 415 130 - 550 255 N A NA 

Benzo(alpyrene Upper 5f 5 430 - 5,MO 3,190 780 4 

Lower 515 92.0 - 640 234 NA N A 

Chrysene Upper 5 /5 450 - 5.600 3.050 'r80,000 0 

Lower 5 15 94.0 - 620 237 N A N A 

Dibenz(a,h)anthracene Upper 4/5 450- 1,300 M3 780 3 

Lower 115 120 120 NA NA 

Lower 3/5 96.0 - 450 222 N A N A 

PCBs 

Aroclor-1260 Upper 213 82.0 - 110 96.0 740 0 

Notes: 
vgkg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
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Table 10.223.2 
AOC 531 

Inorganic Detections for Soil 

Number of 
SPmPles 

sample ~rcq. of ~ctccted ~ e t e c t e ~ ~  ~nc~ustriol ~xceeding 
Element Interval Detection Conc. Cone. RBC RC RBC and RC 

Alumirrum (Al) %Per 4!5 1.680 - 4,560 3,400 lM),oOO 26,600 0 

Lower 415 3,110 - 3.&50 3,480 N A 41,100 NA 

Antimony (Sb) UPP~ 3/5 0.730 - 2.60 1.35 82 1.77 0 

Arsenic (As) tJFr 415 2.00 - 76.7 22.0 9.80 23.9 1 

Lower 4 5  0.m - 15.2 4-66 N A 19.9 N A 

Barium @a) Upper 4/5 12.8 - 34.5 23.4 14.000 130 0 

Lower 4/5 7.80 - 12.6 9.50 N A 94.1 N A 

B e r y l f i  me) Upper 415 0.160 - 0.260 0.220 1.30 1.70 0 

tower 215 0,120 -0.130 0.125 N A 2.71 N A 

Cadmium (Cd) upper 315 0.190 - 0.300 0.247 100 1 .M 0 

Lower 1 /5 0.220 0.220 N A 0.960 N A 

C a k h  (Ca) upper 415 1.630 - 120,000 36,300 N A N A NA 

Lower 415 428 - 1.250 797 N A NA N A 

Chromium (Cr) Upper 515 4.60 - 10.3 6.62 1 . 0  94.6 0 

Copper (Cu) UPFr 415 9.80 - 58.7 26.9 8,200 (56.0 0 

Lower 415 0.710 - 4.60 1.78 N A 152 N A 

Iron IFc) Upper 415 3.490 - 16,500 ~,2m 61,000 NA 0 

Lower 4/5 1,400 - 1,960 1,620 N A NA NA 

Lead (Pb) Upper 4/5 31.2 - 86.8 59.7 1,300 265 0 

Lower 415 2.50 - 22.1 8.58 N A 173 N A 
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Table 10.22.2.2 
AOC 531 

Inorganic Detections for Soil 

Number of 
h u g e  of Me.m of Samples 

Snmple Freq. of Detected Detected Industrid Exceeding 
Interval Detettion Conc. Conc. RBC RC RBC md RC 

Inorganic Elements (mg/Lg) 

Manganese (Mn) Upper 415 51.2 - 88.7 62.2 4.700 302 0 

Lower 415 8.70 - 15.7 11 9 N A 88 1 N A 

M e ~ u r j  (Hg) wl=r  515 0.0600 - 1.30 0.476 61 2.60 0 

fawtr  215 0.0400 - 0.0300 0.0450 NA 1.59 NA 

Nickel (Ni) Upper 415 2.10 - 47.4 15.7 4,100 77.1 0 

Lower 415 0.910 - 2.20 1.33 N A 57.0 N A 

P a t a s s h  (K) Upper 415 296 - 504 377 N A NA NA 

Lower 215 64.4 - 112 88.2 N A NA NA 

Silver (Ag) Upper 115 5.70 5.70 1.ooO N A 0 

Lower 1 15 0.270 0.270 N A N A N A 

Sodium (Na) Upper U5 23.8 - 200 84.8 N A NA N A 

Lower 315 25.6 - 179 82.7 N A N A NA 

Thallium (TI) Upper 115 1.20 1.20 16 2.80 0 

Vanadium (V) Upper 415 3.10 - 9.70 r 6.10 1.400 94.3 0 

Lower 415 1.10 - 2.50 1.93 N A 155 0 

Notes: 
rnglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = NO RBC or RC established 
SU = Standardunits 
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Volatile Organic Compounds in Soil 

One VOC was detected in soil samples collected at AOC 531. Toluene *was detected in one of 

three upper-interval samples at 1,000 pglkg, below its industrial RBC. VOCs were not detected 

in lower-interval samples. 

Semivolatile Organic Compounds in Soil 

Twenty-two SVOCs were detected in soil samples collected at AOC 53:1. Seventy detections 

occurred in the upper-interval and 46 in the lower-interval. Two SVOCs - dibenz(a,h)anthracene 

and benzo(a)pyrene - exceeded their respective industrial RBC in the upper interval. No SVOC 

exceeded its respective SSL in the lower interval. 

Dibenz(a,h)anthracene was detected in four of five upper-interval samples with a range of 450 to 

1,300 pglkg and a mean of 953 pglkg. Three upper-interval samples (53 lSB003, 1,300 pglkg; 

5 3 1 SB004, 1,200 pglkg ; and 53 1 SB005, 1,300 pglkg) exceeded the idibenz(a, h)anthracene 

industrial RBC of 780 pglkg. 

Benzo(a)pyrene was detected in five of five upper-interval samples with a range of 430 to 

5,500 pglkg and a mean of 3,190 pglkg. Four upper-interval samples (531.SB002, 1,200 pglkg; 

531SB003, 4,100 pglkg; 53 1SB004, 5,500 pg/kg; and 531SB005, 4,700 ~ g l k g )  exceeded the 

benzo(a)pyrene industrial RBC of 780 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOC 531. The 

upper-interval BEQ was calculated for five samples with a range of 548 to 8,170 pglkg, and a 

mean of 4,830 pglkg. Four samples (531SB002, 1,955 pglkg; 531SB003, 6,604 pglkg; 

531SB004, 8,170 pglkg; and 531SBO05, 6,873 pglkg) exceeded the bemo(a)pyrene industrial 

RBC of 780 pglkg. 
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PCBs in Soil 

One PCB, Aroclor-1260, was detected in two of three upper-interval samples at AOC 53 1. The 

detections did not exceed the Aroclor-1260 industrial RBC in the upper interval. PCBs were not 

detected in lower-interval soil samples. 

Inorganic Elements in Soil 

Twenty-three metals were detected in soil samples collected at AOC 53 1. Eighty-seven detections 

occurred in the upper interval and 67 occurred in the lower interval. No metal exceeded both its 

respective industrial RBC and background RC in the upper interval or respective SSL and 

background RC in the lower interval. 

10.22.3 Wipe Sampling and Analysis 

Concrete surfaces were sampled at AOC 531 from the locations shown in Figure 10.22.2. The 

Final Zone E RFI Work Plan proposed the collection of four wipe samples at AOC 53 1. All four 

wipe samples were collected and submitted for PCB analysis. Table 10.22 ., 3.1 summarizes wipe 

sampling activity for AOC 531. 

Table 10.22.3.1 
AOC 531 

Wipe Samplng Summary 

Analyses Analyses 
Sam P les Pro POS ed Sam P les Collected Pro Bose d Performed Deviations 

4 4 PCls PCB No wati~n from 
proposed swatem 



- SOIL BORING5 
0 - CORE SAMPLES NAVAL BASE CHARLESTO 
Q - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 
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10.22.4 Nature of Contamination in Dust I 

Table 10.22.4.1 summarizes the wipe sample analytical results for AOC 531. Sample locations 2 

were determined in the field and were biased in an attempt to identify worst case situations. 3 

Sample locations were selected in the field based on the location of PCB-containing equipment and 4 

visual evidence of spills and leaks. 5 

Table 10.22.4.1 
AOC 531 

Wipe Sampling Analytical Results 

Parameter Frequency of Detection Range of Detections (pglwipe) 

PCB NI A 

Note: 
@wipe = mic~agrams per wipe sample 

PCBs Detected on Surfaces 

Four samples were collected at AOC 531 and analyzed for PCBs. No PCBs were detected. 

10.22.5 Fate and Transport Assessment for AOC 531 

AOC 531 (Building 459) served as an enclosure for an electrical substation. A 1986 UST 

Registration document reports the presence of a 20,000-gallon fuel oil tank. The site is entirely 

paved with concrete and asphalt. Environmental media sampled as part of the AOC 531 CSI 

include surface soil, subsurface soil, and wipe samples. Potential constituent migration pathways 

investigated for AOC 531 include soil to groundwater (with eventual discharge to surface water), 

and emission of volatiles from surface soil to air. 

10.22.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.22.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 
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groundwater. For inorganics, maximum concentrations in soil are compared to the greater of 

(a) risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Four organic compounds - benzo(a)anthracene, benzo(a)pyrene, benzc3(b)fluoranthene, and 

dibenzo(a,h)anthracene - were detected in AOC 531 soil above groundwater protection SSLs. 

All four constituents were detected at concentrations above their generic SSlLs in three surface soil 

samples (53 1 SB003, 53 1SB004, and 53 1 SB005). Additionally, benzo(a)anthracene was detected 

at a concentration above its generic SSL in surface soil sample 531SB002. These four samples 

were collected from cores underneath the asphalt of Second Street and Hobson Avenue. None of 

these PAHs was detected in subsurface soil at a concentration above its generic SSL. 

Two inorganics - antimony and arsenic - were detected in a single surface soil sample 

(53 1SB002) above their respective generic SSLs or background reference values. They were not 

detected in any subsurface soil sample at concentrations exceeding their groundwater protection 

screening values, 

10.22 S.2 Soil and Groundwater-to-Sur face Water Transport: Tier Two 

Table 10.21.5.2 provides a second screening tier for all constituents detected in soil at 

concentrations exceeding any of the first-tier screening levels. Constituent concentrations in soil 

are compared to calculated SSLs that are based on lU3Cs that have been adjusted upward for site- 

specific dilution by surface water in the Cooper River, rather than the original target leachate 

concentrations. For the second-tier screen, no dilution of leachate by groundwater or attenuation 

of constituents in soil is assumed (DM= 1). The second screening tier identifies any constituents 

in soil that pose a threat to surface water quality, after allowing for dilution of groundwater by 
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surface water when the groundwater discharges into the river. The site-specific surface-water 

dilution factor calculated for combined AOC 531 is 177,000: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil pose no threat to human health or the 

environment in the Cooper River via the soil to groundwater to surface water migration pathway. 

10.22.5.3 Soil-to-Air Cross-Media Transport 

Table 10.22.5.3 lists the VOCs detected in surface soil samples collected ai: AOC 53 1 along with 

corresponding soil-to-air volatilization screening levels. None of the site's surface soil is exposed 

at AOC 53 1. Additionally, no VOCs maximum concentration exceeded its respective soil-to-air 

volatilization screening level. As a result, the soil-to-air migration pathway is not expected to be 

significant at AOC 53 1. 

10.22.5.4 Fate and Transport Summary 

All of the exceedances of first-tier groundwater protection screening were reported from surface 

soil samples only. There were no exceedances of fust-tier groundwater protection screening 

values in subsurface soil which indicates that soil to groundwater migration of these constituents 

is not occurring. All surface soil samples with detected concentrations of PAHs above generic 

SSLs were collected from cores beneath the asphalt of Second Street and Hobson Avenue. 

Consequently the overlying asphalt is a potential source of PAH compounds. None of the 

constituents exceeding first-tier screening values also exceeded the adjusted screening values of 

the second-tier comparisons, indicating no threat to surface water in the Cooper River via the 

evaluated migration pathways, 



Tablc 10.22.5.1 
Chemicals Detected in S d a c e  Soil and Subsurfwe Soil 
Cornparim Lo SSLa, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Conccntra~.ions: Tier One 
NAVBASECharlcalon, Zone E: AOC 53 1 
Charluton. South Carolina 

Screenjug Conccatralions: 
Soil to GW - Generic SSLs b e d  on DAF - 10. adapted from 1996 EPA Soil Screening Guidance or ~alcdatcd us in^ values from Table 6.2 
Tap Watcr RBC - From EPA Region I11 Risk-Based Concentration Table, June 3, 1996 
Salt W a b  Surfscc Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assaumenl, November, 1995; Tablc 2 

in each carc, the value shown is the greater of the relevant screening value or the cormrpondlng background reference vnlue 

Units: Sec n o w  for Table 10.1.5.1 

Ground- Surface 
Watcr Walcr 

Lwohing Mi@tion M ~ p l i o n  
Polmtial C~mcern Concern 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Soil Wnler 
Units Units 

um~  uch 

UGXG uon 
u m o  uan 
uoxo uoz  
uwxo u a t  
u m ~  uah 

UGKG urn 
UOXG uon 
umo urn 
UGKG UM 

UWKC UGIZ. 

u m o  u r n  
UMG urn  
UMG UGL 

u m o  urn 
UMG UWL 

UG~KG urn 
u m G  uGA 

uonto u r n  
u m c  won 

2 3 . 5 v m c  UGL 

ucxc UGA 

u ~ o  UG& 

uoxc u o n  

UGMG UWZ. 

,UGKG ucjr 

!ucxc UGR 

~ u m c  u a  
luoilco 
i ~ o ~ o  urn 

IMGKG UOA 

IWNG UWL 

14mc  ucn 
1.~1~0 UOR 

I ~ G I K O  UWL 

I ~ X G  urn 
lrlWI(G VCUL 

lronto u r n  
0 . 2 3 1 ~ ~ ~ 0  urn 
21.3#rwro UWL 

IIIWKG uon 
t n m o  UGL 

rrmo u r n  

Paramete? 

Volatile Oqnnic Compounds 
Toluene 

Scmivolatile Organic Compounds 
Acctuphthene 
Acenaphthylene 
Anthracene 
Bcnzoic acid 
Benzo(g,h,i)pcrylme 
Benzo(a)ppe equivalents 

Benro(a)an~hrscenc 

Bmo(a)P~rrne 
Benzo(b)fluoranthcne 
Benzb(k)fluoranthcnc 
Clnyaene 
Dibmzo(a,h)anthraoenc 
Indeno(l,2,3-cd)pyrene 

4-Chloro-3-methylphenol 
2-Chlorophenol 
Dibcnzofuran 
Diethylphhlate 
Fluoranthme 
Fluorme 
2-Methylnaphthalene 
Naphthalene 
PhenanUuene 
Phenol 

W e  

P e s f i c i d d C B  Compounds 
Aroclor-1260 

Inorganic Com pounds 
Aluminum 
Antimony 
Ac&o 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 

Cow 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Thnllium 
Tin 
Vanadium 
Zinc 

P. 

Mar Concentration 

Shallow Dccp 
GW GW 

NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Max. Concentration 

Surface Subsurface 
Soil Soil 

1000 ND 

150 ND 
140 ND 

1000 100 
40 72 

3400 440 

5200 550 
5500 640 
6100 480 
3200 550 
5600 620 
1300 120 
3600 450 

95 ND 
80 ND 
55 ND 
73 ND 

11000 1300 
100 ND 
39 ND 
60 ND 

4500 510 
ND ND 

9800 1100 

110 ND 

4540 3850 
2.6 ND 

76.7 15.2 
34.5 12.6 
0.26 0.13 

0.3 0.22 
10.3 8.2 
14.7 2.1 
58.7 4.6 
86.8 22.1 
88.7 15.7 

1.3 0.05 
47.4 2.2 

5.7 0.27 
1.2 ND 
5.7 3.3 
9.7 2.5 
I52 2.5 

Screening Concentration 
Soil to Salt WW. 

GW Tapwater Surf. Wtr. 
SSL Rl3C Chronic 

6000 750 37 

285000 2200 9.7 
150000 1500 NA 

5900000 11000 NA 
200000 150000 NA 

2.338+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 
3150 180 NA 
2000 180 NA 

N A 1 SO NA 
235000 29000 75.9 

2150000 1500 1.6 
280000 1500 NA 

63000 I500 NA 
42000 I500 

690000 I500 NA 
50000 22000 58 

2100000 1100 NA 

1000 0.0087 0.03 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 

32 1.2 NA 
4 18 9.3 

94.6 37000 103 
19 2200 NA 

152 1500 2.9 
400 15 8.5 
881 2560 NA 
2.6 11 0.2 

77.1 730 42.2 
17 180 

2.8 2.9 
59.4 22000 NA 

3000 260 NA 
6000 11000 86 
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Table 10.22.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 53 1 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region I11 Risk-Based Concentration Table, June 1996. 
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10.22.6 Fixed-Point Risk Evaluation for AOC 531 

10.22.6.1 Site Background and Investigative Approach 

AOC 531 is a substation and storage area in Building 459. This site is located in a highly 

industrialized portion of Zone E. As a result, the risk assessment for this site is presented as a 

fixed-point risk evaluation (FW) following the framework presented in Section 7.3. 

A total of five surface soil samples were considered in the AOC 531 FRE. Groundwater 

investigation was not part of the RFI sampling activities for this site. Section 10.21.1 contains a 

summary of the soil sampling effort for AOC 53 1. 

10.22.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.22.6.1 provides CPSS summaries for AOC 531 soil and identifies COPCs based on 

comparison to residential and industrial RBCs, and RCs. Based on residential RBCs, three 

COPCs (Aroclor-1260, arsenic, and BEQs) were identified for AOC 531. Beryllium and thallium 

were detected in AOC 531 soil at concentrations above their RBCs but were eliminated from 

consideration in the residential FRE based on comparison to their background concentrations. 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 

screened out based on background concentration. 

Table 10.22.6.2 summarizes the residential COPCs detected at each AOC 531 sample location 

with contribution to risk and hazard. As shown, arsenic and benzo(a)pyrene equivalent 

compounds are the primary contributors to risk for AOC 531 surface soil, exceeding 1E-06 at all 

five locations. Risk estimates range from 2E-05 to 2E-04 with an arithmetic mean risk of 1E-04. 

Figure 10.22.3 is a spatial presentation of risk estimates for AOC 531 surface soil. 



LEGEND - CUMUUTIVE SOIL RISK 
NO COPCs DETECTED 
< 1E-8 
1E-6 to 5E-6 + 5E-6 to 1E-5 

@ 1E-5 to 1 E 4  
> 1E-4 

ZONE E - DRAFT RECRA 
FAClLlN INVESTIGAT1ON 
NAVAL BASE, CHARLESTON 
CHARLESTON, s.&. - 

FIGURE 10.22.3 
CUMULATIVE SOIL RTSK 
RESIDENTIAL SCENARIO 

AOC 531 
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Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario, These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currenttfuture site workers and future site residents. 

COPC Selection 

4-Chloro-3-methylphenol was detected in one of five surface soil samples at a concentration of 

95 pglkg. There are no RBCs listed for this chemical in the Region III RBC tables, nor are there 

toxicological data with which to calculate a RBC. As a result, 4-chloro-3-methylphenol was not 

included in the FRE for AOC 53 1. The maximum 4chloro-3-methylphenoi concentration did not 

exceed the RBC for 2-chlorophenol (39,000 pglkg). This minimizes the uncertainty associated 

with the elimination of 4-chloro-3-methylphenol from consideration in the FRE. 
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Quantification of RisklHazard 

soil 

A conservative screening process was used to identify COPCs for AOC 531. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative R3Cs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risWhazard based on eliminated C:PSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBC (e.g. within 10% of its RBCs). 

Arsenic was a contributor to both risk and hazard projections for residential and industrial soil 

pathways. Arsenic exceeded its RC in only one of five surface soil samples (531SB002). These 

findings indicate that while the maximum arsenic concentration was above its RCs, its average 

concentrations (22.03 mglkg) was below its RC (23.9 mglkg). 

Beryllium and thallium were reported in AOC 531 soil at concentrations above their RBC 

benchmarks and were eliminated from consideration in the FRE based on comparison to their 

background concentration. As a result, their contribution to risklhazard has not been considered 

in this FRE. 

Four of the five surface soil samples were collected through cores established in the asphalt 

covering of this site. It is conceivable that the concentrations of BEQs detected in surface soil are 

artifacts of the asphalt covering rather than past site uses. 
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10.22.6.4 Fixed-Point Risk Evaluation Summary 

The risk and hazard posed by contaminants at AOC 531 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. Risk and HI estimates are presented on 

Tables 10.22.6.2 and 10.22.6.3 such that a risk (E-06) or HI that exceeds one for any COPC at 

any given sample location is an indication that the concentration of that COPC exceeds its RGO 

(calculated at a target risk of 1E-06 and a target hazard quotient of 1). Section 7, Tables 7.3.1, 

7.3.2, and 7.3.3 provide residential, industrial, and residential groundwater RGOs, respectively, 

for all of the COPCs identified for Zone E. 

Soil - Residential Scenario 

Arsenic and benzo(a)pyrene equivalent compounds were detected in AOC 530 surface soil at 

concentrations above their residential RGOs. It should be noted that overall site surface soil 

arsenic concentrations were generally consistent with RCs. Additionally, the asphalt that covers 

most of this site may explain the presence of BEQs in the surface soil, 

Soil - Site Worker Scenario 

Arsenic and benzo(a)pyrene equivalent compounds were detected in AOC 530 surface soil at 

concentrations above their industrial RGOs. It should be noted that overall site surface soil arsenic 

concentrations were generally consistent with RCs. Additionally, the asphalt that covers most of 

this site may explain the presence of 3EQs in the surface soil. 
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Table 10.22.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOC 531 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
531 8001 Aroclor-l260 ND UG/KG NA NA 
531 BOO1 Arsenic (As) 2.90 MGlKG 7.5748 45.47 0.1326 100.00 
531 BOO1 B(a)P Equiv. 548.45 UG/KG 9.0825 54.53 - NA 

Total 16.6573 0.1326 

531 8002 Aroclor-1260 1 10.00 UG/KG 0.4991 0.21 NA 
531 8002 Arsenic (As) 76.70 MGlKG 200.3405 85.90 3.5058 100.00 
531 BOO2 B(a)P Equiv. 1955.30 UG/KG 32.3804 13.88 - NA 

Total 233.2199 3.5058 

531 BOO3 Aroclor-1260 82.00 UG/KG 0.3720 0.32 NA 
531 8003 Arsenic (As) 2.00 MG/KG 5.2240 4.54 0.0914 100.00 
531 8003 B(a)P Equiv. 6603.80 UGIKG 109.3610 95.13 - NA 

Total 1 14.9570 0.091 4 

531 8004 Arsenic (As) ND MG/KG NA NA 
531 BOO4 B(a)P Equiv. 8167.60 UGIKG 135.2580 100.00 - NA 

Total 135.2580 NA 

531 BOO5 Arsenic (As) 6.50 MGIKG 16.9780 12.98 0.2971 100.00 
531 6005 B(a)P Equiv. 6873.1 0 UGIKG 11 3.8207 87.02 - NA 

Total 130.7987 0.2971 



Table 10.22.6.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
AOC 531 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units HQ % HQ Risk (E-06) % Risk 
531 BOO1 Arsenic (As) 2.90MGlKG 1.0716 36.72 0.0067 100.00 
531 BOO1 B(a)P Equiv. 548.45 UGIKG 1.8467 63.28 - NA 

Total 2.9183 0.0067 

531 BOO2 Arsenic (As) 76.70 MGIKG 28.3412 81.15 0.1764 100.00 
531 8002 B(a)P Equiv. 1955.30 UGIKG 6.5838 18.85 - NA 

Total 34.9250 0.1 764 

531 6003 Arsenic (As) 2.00 MGIKG 0.7390 3.22 0.0046 100.00 
531 BOO3 B(a)P Equiv. 6603.80 UGlKG 22.2359 96.78 - NA 

Total 22.9749 0.0046 

531 8004 Arsenic (As) ND MGJKG NA NA 
531 BOO4 B(a)P Equiv. 81 67.60 UG/KG 27.501 4 100.00 - NA 

Total 27.5014 NA 

531 0005 Arsenic (As) 6.50 MGlKG 2.4018 9.40 0.0149 100.00 
531 BOO5 Bfa)P Equiv. 6873.1 0 UGIKG 23.1427 90.60 - NA 

Total 25.5445 0.0149 
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10.22.7 Corrective Measures Considerations 

For AOC 531, the upper and lower soil intervals were investigated. Based on the analytical 

results and the FRE, COCs requiring further evaluation through the CMS process were identified 

for the upper soil interval. Residential use of the site is not expected, based on current site 

uses and the nature of surrounding buildings. Current reuse plans call for continued 

commercial/industrial use. 

Arsenic and BEQs were identified as COCs in the upper soil interval at concentrations above their 

risk-based remedial goals of 0.38 and 0.060 mglkg, respectively. The arithmetic mean risk of 

arsenic and BEQs is 1E-04, which equals the USEPA's upper acceptable risk. Potential corrective 

measures for the impacted medium and respective COCs are in Table 10.22.7.1. Corrective 

measures that prevent infiltration and percolation will be considered, along with stabif ization. 

Corrective measures for AOC 531 are detailed in Section 9. 

Table 10.22.7.1 
Potential Corrective Measures for AOC 531 

Medium Potential Corrective Measures 

SdI Arsenic and BEQs a) No Action 
b) fnvinsic Remediation and 

Monitoring 
C) Containment by Capping 
d) Excavation and Lsndfill, if 

RCRA-no-dous Waste 
e) in-situ, Chemical a d  

Physical Treatment 
f) Ex-situ, c3mIical and 

Physicai Treatment 
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10.23 AOC 538, Forge Shop, Building 6; and AOC 539, Propeller Shop, Building 6 

AOC 538, a forge shop constructed in 1906, is located in the eastern portion of Building 6. 

Various metal-working processes have been conducted in the shop. The most recent forge 

furnaces were oil-fued, Numerous quench oil tanks are also present. AOC 539, propeller shop, 

is located in the western extension of Building 6, which was added in 1967. The Zyglo process 

was used here until it was replaced by the existing red dye process in 1979. Zyglo reportedly was 

rinsed from the propellers onto the floor and then washed outside into the storm sewer. Recent 

operations use a red dye rnagnaflux process, the excess waste of which is collected in a portable 

AST . 

Although these sites have never been officially investigated, Code 462.2 1 (Public Works 

Department) filled out an Environmental Incident Report on January 25, 1989, responding to a 

wastewater spill from the magriaflux inspection of propellers into the storm drainage system. The 

report states that 200 gallons of rinse water with trace amounts of benzene, ethanol, and ethyl 

acetate were washed to a storm drain in the street because the sanitary sewer drain was blocked 

(Source: Environmental Incident Report #89-0 1). 

Materials of concern at AOC 538 identified in the Final Zone E RFI Work Plan include waste oils, 

paints, heavy metals, ceramic refractory materials, galvanizing flux, coal and charcoal coke. The 

material of concern at AOC 539 is Zyglo penetrant (99% 1,1,1 -trichloroethane). Potential 

receptors that may be exposed to site contaminants include current and future building users and 

any site workers this area may support following base closure. 

To fulfill the RFI objectives for AOCs 538 and 539, air, soil, sediment, groundwater and 

structural surface samples were collected in accordance with the Final Zone E RFI Work P h ,  and 

Section 3 of this report to determine whether any contamination resulted from onsite activities. 
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10.23.1 Soil Sampling and Analysis 

Soil was sampled in one round at AOCs 538 and 539 from the locations shown in Figure 10.23.1. 

The Final Zone E RFI Work Plan, proposed collecting nine soil samples from the upper interval 

and nine samples from the lower interval. Soil samples were also collected at both intervals for 

the three shallow monitoring well locations proposed at this site. 

AOC 538 and AOC 542 have two sample locations in common, due to their close proximity. 

These samples, NBCE538002 and - 0 3  were originally proposed for AOC 538 but were identified 

with an AOC 542 identification. One of the shallow monitoring wells proposed for AOC 538 was 

given an AOC 542 identification (NBCE542002) based on its proximity to that site. One soil 

boring proposed for AOC 538, 538SB003, was also given an AOC 542 identification (542SB006). 

Therefore, the sequence of sample identification for AOC 538 will not include soil samples from 

538002 or 538003. The data from these two sample locations wiU be used to help characterize 

each site, while eliminating the need for two additional samples. One soil boring, 538SB010, was 

also added during the field investigation to further delineate AOC 538. 

All thirteen upper-interval samples and twelve of the thirteen proposed lower-interval samples 

were collected. At AOC 538 one lower-interval sample was not collected due to an obstruction, 

All samples were submitted for analysis at DQO Level Ill for VOCs, SVOCs, and metals. 

Two samples selected as duplicates were analyzed at DQO Level IV for 

Appendix IX analytical parameters, which includes the suite of parameters proposed for the site 

plus a more comprehensive list of VOCs, SVOCs, as well as herbicides, hexavalent chromium, 

organophosphorus pesticides, and dioxins. Table 10.23.1.1 summarizes soil sampling at 

AOCs 538 and 539, 
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Table 10.23.1.1 
AOCs 538 and 539 

Soil Sampling Summary 

Samples Samples 
Interval Proposed Collected Analyses Propclsed Adyses  Collected Deviations 

upper 12 13 VOCs, SVOCs, and VQCs, SVOCs, Olbe additional sample 
metals aadmaals was collected. 

Lower I2 12 VOCs, SVOCs, and VOCs, SVOCs, Subsurface 
metals and metals obstructions prevented 

the collection of one 
sample, and one 
additional sample was 
collected. 

10.23.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 20.23.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.23.2.2. Appendix H contains the complete 3 

data report for a11 samples collected in Zone E. 4 

Table 10.23.2.1 
AOCs 538 and 539 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exfeeding 
Compound lntenal Detection Conc. Cone. RBC RBC 

vocs 0 - - 

Acetom v ~ f  7/l t m.0 - 120 54.6 20.M30,000 0 

Lower 7110 15.0-37.0 26.4 NA N A  
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Table 10.23.2.1 
AOCs 5;UI and 539 

Organic Compou~ds Deteeted in Soil 

Number of 
Range of Menn of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Methylene chloride Upper I11 1 2.00 2.00 760,000 0 

Lower 1/10 4.00 4.00 N A N A 

Xylem f otal) U P  f l l t  2.00 2,Oo loO,ooO,ooO 0 

Lower 2/10 2.00 2.00 NA NA 

svocs 0 

UPW till  1613 160 12,000.0 0 

Anthracene Upper 111 1 140 140 61,000.000 0 

Benzo(g.h,ilpery~ene uppet 411 1 71.0 - 400 183 8,UX),000 0 

Lower 2t 10 37.0 + 44.0 40.5 N A N A  

Lower 3/10 65.0 - 150 112 NA N A 

Dibenrofutan upper 1/11 160 160 820,000 0 

Fluoranthene Upper 311 1 93.0 - 690 454 8,200,000 0 

Lower 3/10 87.0 - 140 119 NA N A 

Fluorene upper 111 1 140 lQO 8+200,OOo 0 

Lower 1/10 95-0 95.0 N A NA 

Lower 2/10 73.0 - 220 147 NA N A 

Naphthalene upper 1/11 470 470 8,200,000 0 

Lower 2/10 130 - 260 195 N A NA 

Phenanthrene Upper 411 1 64.0 - 830 33 1 8,200,000 0 

Lower 1/10 190 190 N A N A  
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Table 10.23.2.1 
AOCs 538 and 539 

Organic Compounds Detected in Soil 

Number of 
Raoge of Mean of S = P ~  

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

svocs (/.dm 

firem U€Fr 311 1 150 - 650 430 6,100,000 0 

Lowet 3/10 95.0 - 200 138 N A NA 

mots (B(n)P Equivalents) 

B(a)P Equiv. UPP 4111 89.6 - 538 156 780 0 

Lawer 3/10 0,fSO - 99.4 48.2 NA NA 

Lower 2/ 10 45.0 - 57.0 51.0 N A N A 

Benzo(b)fIuoranthene upper 1/11 62.0 62.0 7,800 0 

Lower 1/10 150 150 N A NA 

Lower 2/10 49.0 - 190 120 NA N A 

Benzo(alpyme Upper 4/11 71.0 - 450 220 780 o 
Lower 2t 10 40.0 - 73.0 56.5 N A NA 

Chrysene Upper 411 1 88.0 - 540 265 780,000 0 

Lower 3/10 61.0 - 150 97.7 NA N A 

Indeno(l,2,3cd)pyrene Upper 311 1 58.0 - 320 166 7,800 0 

Lower 1110 37.0 37.0 NA NA 

Dioxius (ngflrg) 

123789-&CDD Lower IIl 0.%3 0,963 NA NA 

Dioxin Equiv. Lower lI1 1.83 1.83 NA NA 

1234678-HpCDD Lower 111 72.3 72.3 NA NA 

1234678-HpCDF Lower 111 7.34 7.34 N A NA 

12367&HxCDD Lower l / l  0.R81 0.881 N A NA 



Dr@ Zone E RCRA Facility Znvestigan'on Report 
NA VBASE Charleston 

Section 10: Sire-Spec flc Evaluatiom 
November 1997 

Table 10.23.2.1 
AOCS 53s md 539 

Orgauic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

OCDD Lower 111 807 807 N A N A 

OCDP Lower 111 38.5 38.5 NA NA 

Notes: 
gglkg = Micrograms per kilogram 
ngfkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.23.2.2 
AOCs S38 .nd 539 

horganic Detections for Soil (m%Lg) 

Number of 
Raugt of Mean of 
Detected 

samples 
Snmplc Freq. of Detcctcd lnd~lidrinl Reference J h c d h g  

Element Intervnl Dekdian Conf Cone. RBC Conc. RBC nnd RC 

At- (Al) Upper I IIl 1 2.150 - 7,400 3 9 3  100.000 Z7fm 0 

h e r  to110 1,850 -4.tOO 3,180 N A 41. I 0 0  N A 

Antimony (Sb) Upper 111 1 0.630 0.630 82.0 1 .TI 0 

Arrenic (As) UPPU tl /t l  0.550 - 5.30 2.15 3 .&D 23.9 0 

Barium (Ba) Upper 11/11 5.40 - 27.5 14.1 14,000 130 0 

Lower 10110 6.00 - 18.8 11.5 NA 94.1 N A 

Beryllium (Be) Upper 8til 0.1 I0 - 0.200 0.154 1.30 I .70 0 

ttrwer 5/10 0.130 - 0.220 0.170 N A 2.71 N A 

Cadmium (Cd) Upper 311 1 0.220 - 3.70 1.41 100 1.50 0 

Lower 3/10 0.230 - 1.80 0.767 N A 0.960 N A 
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Table 10.23.2.2 
AOCS 538 md 539 

Inorganic D e t W n s  for Soil (@LO) 

Number of 
Rnnge of Mean of Samples 

Sample Freq. of Detected Detected lndustrinl Reference Exceeding 
Element Interval Detection Cone Conc. RBC Conc. RBC d RC 

Chromium (Cr) Upper 11111 3.40 - 45.4 10.3 1 ,OOQ 94.6 0 

Lower 10110 1.80 - 5.40 3.71 N A 75.2 N A 

tower 8/10 1.10- 51.9 10.9 N A 152 N A 

Iran (Fe) Upper trnl 1,080 - 17,000 5,040 61.000 N A 0 

Low~r l O l  f 0 3,210 - 6.650 2,800 N A N A N A 

Lead (Pb) Upper 11111 2.00 - 116 20.4 1.300 265 0 

Lower 10110 1.40 - 53.7 11.0 N A 173 N A 

Manganese (Mn) Upper 11/11 5.30 - 105 33.3 4,700 302 0 

Lower 10110 5.50 - 24.7 15.3 N A 88 1 N A 

Nickel (Ni) Upper 11/11 1.30 - 65.6 9.49 4.100 77.1 0 

Lower 61 10 1.000 - 3.20 2.03 N A 57.0 N A 

Selenium (Se) Lower 1110 0.530 0.530 N A 2.40 N A 

Silver (A$) Lower £110 0.210 0.210 N A N A N A 

Sodium (Na) U W ~  7/11 29.6 - 218 127 N A N A N A 

Lower 3/ 10 29.2 - 70.7 45.0 N A N A N A 

Thal1im ffl) Lower ill0 0.530 0.530 NA NA NA 
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Table 10.23.2.2 
AOCs 538 md 539 

Iaorgnnic Detectians for Soil (@kg) 

Number of 
Rp0gr of M e ~ n  of Samples 

k p l e  Freq. of Detected Detected Industrial Reference Exceeding 
l?Jwnent Intend htection Cone Conc. RBC Conc. RBC and RC 

Tin (Sn) Upper 111 1 5.90 5 .90 100,000 59.4 0 

Lower 2/10 2.10 - 3.00 2.55 N A 9.23 N A 

Zinc (Zn) Upper 11/11 1.70 - 1,100 122 61,000 827 0 

Lower 10/10 2.50 - 457 69.4 N A 886 N A 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based wmnmtion 
RC = Reference concentration 
N A = No industrial RBC or RC established 

Volatile Organic Compounds in Soil 

Three VOCs were detected in soil samples collected at AOCs 538 and 539. Nine detections 

occurred in the upper-interval and 10 in the lower-interval. No VOCs were detected above their 

respective industrial RBC in the upper-interval or respective SSL in the lower-interval. 

Semivolatile Organic Compounds in Soil 

Seventeen SVOCs were detected in soil samples collected at AOCs 538 and 539. Forty-five 

detections occurred in the upper-interval and 28 in the lower-interval. No SVOCs were detected 

above their respective industrial RBC in the upper-interval or respective SSL in the lower-interval. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOCs 538 and 

539. The upper-interval BEQ was calculated in four samples with a range of 89.6 to 538 pglkg 

and a mean of 256 pgfkg. The calculated BEQ did not exceed the benzo(a)pyrene industrial RBC 

of 780 pglkg. 
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Pesticides in Soil 

No pesticides were detected in soil samples collected at AOCs 538 and 539. 

Other Organic Compounds in Soil 

Six dioxins were detected in soil samples collected at AOCs 538 and 539, with all six detections 

occurring in the lower-interval. No dioxin exceeded its respective SSL in the tower-interval. No 

upper-interval samples were collected. 

Inorganic Elements in Soil 

Twenty-four metals were detected in soil samples collected at AOCs 538 and 539. One hundred 

and eighty-three detections occurred in the upper-interval and 157 occurred in the lower-interval. 

No metals exceeded both their respective industrial RBC and background RC in the upper-interval 

or respective SSL and background RC in the lower-interval. 

10.23.3 Groundwater Sampling and Analysis 

Two deep monitoring wells and two shallow monitoring wells were installed and sampled to assess 

groundwater quality at AOCs 538 and 539 as shown in Figure 10.23.2. The wells were installed 

as follows: 

Shallow Wells - NBCE538001, NBCE539001 

Deep Wells - NBCE53801D, NBCE53901D 

One shallow monitoring well proposed for AOC 538 was identified as an AOC 542 monitoring 

well (NBCE542002). Groundwater samples were submitted for analysis at DQO Level III 

for VOCs, SVOCs, metals, chlorides, sulfates, and TDS. One duplicate sample was collected 

and submitted for analysis at DQO Level IV for the suite of parameters listed above as well as 



0 - CORE SAMPLES NAVAL BASE CHARLESTO 
- DEEP MONITORING W E B  

Qg - SHALLOW MONITORING WELLS CHARLESTON, S. C. 
A - SEDIMENT SAMPLES 
0 - THICKNESS SAMPLES 
@) - MPE SAMPLES 



Drafr Zone E RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10: Site-Specific Evaluarionr 
November 1997 

herbicides, organophosphorus pesticides, dioxin, and hexavalent chromium. Table 10.23.3.1 1 

summarizes groundwater sampling and analysis at AOCs 538 and 539. 2 

Table 10.23.3.1 
AOCs 538 and 539 

Groundwater Sampling Summary 

Wells Wells Analyses 
Depth Proposed Installed Proposed Analyses Collected Deviations 

SMlow 2 2 V K s ,  SVOCs, Y m ,  SVOCs, metaIs Dee W o w  well was 
metals, chlorides, chlorides, sulfates, and identifted as an AOC 
sulfates, and TDS TDS 542 monitoring well 

Deep 1 2 VOCs, SVOCs, VOCs, SVOCs, metals, One additional deep 
metals, chlorides, chlorides, sulfates, and well was installed 

The shallow monitoring wells were installed at 12.5 feet bgs in the surficiai aquifer. The deep 

wells were installed at 38.2 and 42.8 feet bgs at the base of the shcial aquifer. All wells were 

installed in accordance with Section 3.2.3 of this report. 

10.23.4 Nature of Contamination in Groundwater 

Organic compound and inorganic analytical results for shallow groundwater are summarized in 

Tables 10.23.4.1 and 10.23.4.2. Organic and inorganic analytical results for deep groundwater 

are summarized in Tables 10.23.4.3 and 10.23.4.4. Appendix H contains the complete data repofi 

for all samples collected in Zone E. 
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Table 10.23.4.1 
AOCs 538 and 539 

Organic Cornpounds Detected in First Quarter Groundwater W L )  
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Compouad Detection Conc. Conc. RBC MCL RBC 

vocs 

Carbon DisuEfKLe 1 12 2 2 100 N A 0 

svocs 

Notes: 
kg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 

Table 10.23.4.2 
AOC 538 

Organic Compounds Detected in First Quarter Groundwater (pglL) 
Deep Mooitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Corn Po und Detection Conc. Conc. RBC MCL RBC 

vocs 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
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Table 10.23.4.3 
AOCs 538 and 539 

Inorgdc Detections for First Quarler Groundwater 
!hdow Mwiiorhg Wells 

N~mbcr of 
Range of Mean of Tap Samples 

Freq. of Detected Detected Water Reference ExC=ml 
Element Detection C o x .  Conc. RBC Conc. MCL RBC nndRC 

Amnic (As) 112 60.1 60.1 O.(#M 18.7 50.0 1 

Calcium (Ca) 212 30,700 - 47.900 39,300 N A N A N A N A 

Magnesium (Mg) 212 3,430 - 3,970 3,700 N A N A N A N A 

1 I2 0.2 0.2 I .  1 N A  2 0 Mercury (Hg) 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 

Table 1023.4.4 
AOCs 538 md 539 

hrganic  Detdhm for First Quder Groundwater bg/L) 
Deep Monitoring Wells 

Number of 
Range of Mean of 

Frq .  of Deteeted 
S P ~ P ~ =  

D e t d  Tap Water Reference 
Element Detection Conc. Conc. RBC Cone. 

heeding 
MCL RBC andRC 

Calcium (Ca) 212 77.400-83,400 80,400 NA NA N A N A 

Iron (Fe) 2/2 1.860 - 3.860 2,860 1.100 NA N A 2 

Silver 1/2 2.1 2.1 18.0 N A  0 
Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concerntion 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC. MCL, or RC established 



Drafr Zone E RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10: Site-Specific Evaluationr 
November 1997 

Volatile Organic Compounds in Groundwater 

Shallow Groundwater 

One VOC was detected in shallow groundwater samples collected at AOCs 538 and 539, Carbon 

disulfide was detected in one of two samples below its respective tap-water RBC. 

Deep Groundwater 

One VOC was detected in deep groundwater samples coliected at AOCs 538 and 539. The VOC 

- 1,2-dichloroethene (total) - exceeded its respective tap-water RBC. 

1,2dichloroethene (total) was detected in two of two samples with a range of 3.0 to 12.0 pglL and 

a mean of 7.50 pglL. One sample in well 539GWOlD01 (12.0 pg/L), exceeded the 

1,2-dichloroethene tap-water RBC of 5.50 pg/L. 

Semivolatile Organic Compounds in Groundwater 

Shallow Groundwater 

Two SVOCs were detected in shallow groundwater samples collected at AOCs 538 and 539. Both 

SVOCs were detected below their respective tap-water RBC. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Eight metals were detected in shallow groundwater samples collected at AOCs 538 and 539. Two 

metals - arsenic and iron - exceeded both their respective tap-water RBC and background 

shallow groundwater RC (where available). 

Arsenic was detected in one of two samples in well NBCE538001 (60.1 pglL), exceeding both its 20 

tap-water RBC of 0.0450 pg/L and shallow groundwater RC of 18.7 pgIL. The detection also 21 

exceeded the arsenic MCL of 50.0 pg/L. 22 
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Iron was detected in two of two samples with a range of 498 to 8,960 pg/L and a mean of 

4,729 pg/L. One sample from well NBCE538001 (8,WpgIL) exceeded the iron tap-water RBC 

of 1,100 ,uglL. No MCL or shallow groundwater RC has been established for iron. 

Deep Groundwater 

Six metals were detected in deep groundwater samples collected at AOCs 538 and 539. One metal 

- iron - exceeded it respective tap-water RBC. 

Iron was detected in two of two samples with a range of 1,860 to 3,860 pglL and a mean of 

2,860 ,uglL. Two samples from wells NBCE53801D (1,860 pglL) and NBCE53901D 

(3,860 pg/L) exceeded the iron tap-water RBC of 1,100 pg/L. No deep groundwater RC or 

MCL has been established for iron. 

10.23.5 Sediment Sampling and Analysis 

The Final Zone E RF1 Work Plan proposed collecting one sediment sample at AOCs 538 and 539 

from the location shown in Figure 10.23.3. One sediment sample was collected and submitted for 

analysis at DQO Level III for VOCs, SVOCs and metals. No samples were selected as duplicates 

at this site. Table 10.23.5.1 summarizes sediment sampling and analysis at AOCs 538 and 539. 

Table 10.23.5.1 
AOCs 538 and 539 

Sediment SPmpling Summary 

Samples Samples 
h & e d  colI&ed Analyses Proposed Analyses Collected Deviation - 

1 1 , VOCs, SYWs, d , m d s  VOCs, SVWs, and metals None 

Note: 
a = Standard suite includes VOCs, SVOCs, metais, cyanide, pesticides, and PCBs 
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10,23,6 Nature of Contamination in Sediment 1 

The analytical results for constituents found in AOC 538 and 539 sediments are presented in 2 

Tables 10.23.6.1 and 10.23.6.2. Appendix H contains the complete data report for all samples 3 

collected in Zone E. 4 

Table 10.23.6.1 
AOCs 538 and 539 

Orgauic Compounds Detected in Sediment 0 

Mean of Number of 
Range of Detected Industrial Samples 

Freq. of Detected Cone. Conc. Soil RBC Exceeding 

Chloromethane 111 5 -00 5.00 440 0 

Teaachloroethene 1i1 5.00 5.00 110 0 

Xylene (Total) 111 4.00 4.00 100,000 0 

svocs 
Anthraeene ill 7(30 700 6 1,000,000 0 

Benzo(a)anthracene 111 2,200 2,200 7,800 0 

Fluoranthene 111 ~,000 ~ , 0 0 0  8,200.000 0 

Pyrene 111 5.500 5.500 6,100,000 0 
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Table 10.23.6.1 
AOCs 538 and 539 

Organic Compounds Detected in Sediment OLgfltg) 

Mean of Number of 
Range of Detected Industrial Samples 

Freq. of Detected Cone. Conc. Soil RBC Exceeding 

Pesticides 

Dieldrin 1t1 370 370 360 S 

Endosulfan I1 1/1 160 160 1,200 0 

Endrin Ill 170 170 61.000 0 

Endrin aldehyde 111 490 490 61,000 0 

Notes: 
pglkg = Micrograms per kilogram 
RBC = Industrial soil RBC 
NA = No industrial soil RBC established 
* = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS SSVs. 

Table 10.23.6.2 
AOCs 538 and 539 

Inorganic Detections in Sediment (mgflrg) 

Freq. of Raage of Mean of 

Number of 
Samples 

Exceeding - 
Element Detection Detected Cone. Detected Conc. Industrial RBC RBC 

Aluminum CAI) 111 15,900 15,90D 100,090 0 

Antimony (Sb) 111 15.3 15.3 82 0 

Arseaic (As) 111 6.60 6.60 3.8 I 

Barium (Ba) 111 99.8 99.8 14,000 0 
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Table 10.23.6-2 
AOCs 538 and 539 

Inorganic Detections in Sediment (m%kg) 

Number of 
Samples 

Fnq. of Range of Mean of Exceeding 
Element Detection Detected Conc. Detected Conc. Industrial RBC RBC 

Cadmium (Cd) 111 10.7 10.7 100 0 

Calcium {Ca) 111 42,UX) 4 2 m  N A NA 

Chromium (Cr) 111 107 107 1,000 0 

Iron (Fc) 111 25, lOQ 25,100 61,ODO 0 

Magnesium (Mg) 111 1.170 1,170 N A N A 

Manganese (Mn) 111 3.150 3,150 4,700 0 

Nickel (Ni) 

Potassium (K) 111 43 3 433 N A N A 

Silver fAg) 

Sodium (Na) 111 3,370 3,370 N A N A 

Tin (Sn) 111 336 336 100,000 0 

Vanadium (V) 111 15.9 15.9 1,400 0 

Zinc (z n ) 111 17 100 17,100 61 ,W 0 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
NA = No industrial soil RBC established 
r(l = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS SSVs. 

Volatile Organic Compounds in Sediment 1 

Four VOCs were detected in the sediment sample collected at AOCs 538 and 539. No VOCs were 2 

detected above their respective industrial RBC. 3 
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Semivolatile Organic Compounds in Sediment 

Fifteen SVOCs were detected in the sediment sample collected at AOCs 538 and 539. One SVOC, 

benzo(a)pyrene, was detected at 1,300 pglkg exceeding its industrial RBC of 780 pglkg 

(539M0001). 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOCs 538 

and 539. The BEQ was calculated for one sample at 2,280 pglkg exceeding the benzo(a)pyrene 

industrial RBC of 780 pglkg (539M0001). 

Pesticides and PCBs in Sediment 

Four pesticides were detected in the sediment sample collected at AOCs 538 and 539. One 

pesticide exceeded its industrial RBC. Dieldrin was detected at 370 pglkg exceeding its industrial 

RBC of 360 pglkg (539M0001). 

No PCBs were detected in the sediment sample submitted for laboratory analysis at AOCs 538 

and 539. 

Other Organic Compounds in Sediment 

Based on the COPCs associated with AOCs 538 and 539, no sediment samples were submitted for 

laboratory analysis for other organic compounds. 

Inorganic Elements in Sediment 

Twenty-one metals were detected in the sediment sample collected at AOCs 538 and 539. Three 

metals exceeded their respective industrial RBC. 

Arsenic was detected at 6.60 mg/kg exceeding its industrial RBC of 3.8 rnglkg; copper was 

detected at 134,000 mglkg exceeding its industrial RBC of 8,200 mglkg; and nickel was detected 



Drcrfr Zone E RCRA Facility Investigatt'on Repon 
NA VBASE CharLeston 

Section 10: Site-Specific Evaluan'ons 
November 1997 

6,480 mglkg exceeding its industrial RBC of 4,100 mglkg. All exceedances were detected in 1 

sample 5 3 9 M i .  2 

10.23.7 Wipe Sampling and Analysis 3 

The Final Zone E RFI Work Plan proposed the collection of sixteen wipe samples at AOCs 538 4 

and 539. All the proposed wipe samples were collected plus 6 additional wipe samples and 5 

analyzed for metals only. Sample locations were determined in the field and are shown on 6 

Figure 10.23.4. Table 10.23.7.1 summarizes wipe sampling activity for AOCs 538 and 539. 7 

Table 10.23.7.1 
AOCs 538 and 539 

Wipe Sampling Summary 

Samples Samples 
P r o ~ e d  coll&ed Analyses Proposed Analyses Performed Deviations 

16 22 Metals, SW-346 Metals, SW.846 Six additional samples 
were colfectad 

10.23.8 Nature of Contamination in Dust 8 

Table 10.23.8.1 summarizes the wipe sample analytical results for AOC 538. Sample locations 9 

were determined in the field and were biased in an attempt to identify worst case situations. 10 

Appendix H contains the complete data report for all samples collected in Zone E. 11 

Metals Detected on Surfaces 12 

Metals were detected in nearly all wipe samples. No residential or induslial RBCs exist for 13 

comparison to the wipe sample results. 14 
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Table 10.23.8.1 
AOCs 538 and 539 

Wipe Sampling Analytical Results 

Frequency Range of Detections 
Element of Detection (mdwipe) 

Aluminum 2Z22 292 - 13,700 
Antimony 10/22 0.88 - 18.5 

Arsenic 20/22 1.4 - 16.6 

Barium 22/22 12.4 - 5,530 

Beryllium 1/22 0.40 

Cadmium 22/22 1.6 - 20.2 

Calcium 22/22 1,570 - 42,100 

Chromium 22/22 12.0 - 330 

Lead 22/22 38.5 - 1,100 

Magnesium 22/22 128 - 5,510 

Manganese 22/22 21.4 - 7,700 

Mercury 4/22 0.08 - 0.30 

Nickel 22/22 57 - 6,710 

Potassium 18/22 

Selenium 1/22 1.1 

Silver 18/22 0.50 - 23.3 
Sodium 6/22 189 - 8,350 

Tin 8/22 19.9 - 323 

Vanadium 22/22 1.5 - 46.8 

Note: 
pg/wipe = micrograms per 100 square centimeters 
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10.23.9 Air Sampling and Analysis I 

The Finul Zone E RFI Work Plan proposed collecting air samples at AOCs 538 and 539. Both the 2 

number and location of samples were to be determined in the field. A total of 17 air samples were 3 

collected. Table 10.23.9.1 summarizes air sampling activity for AOCs 538 and 539. 4 

Table 10.23 -9.1 
AOCs 538 sad 539 

Air Sampling Summary 

Samples Samples Analyses Analyses 
Performed Deviations 

TBD 17 EPA Metats EPA Metals No Wtion from 
proposed strategy 

10.23.10 Nature of Contamination in Air 5 

Table 10.23.10.1 summarizes the analpcai results of air samples collected at AOCs 538 and 539. 6 

Sample locations were determined in the field and were biased in an attempt to identify worst case 7 

situations. 8 

Table 10.23.10.1 
AOCs 539 and 539 

Air Sampling Results 

Fre q uenc y of Detection Element Range of Detections (pglrn3) 

Afwninum 17/11 0.0195 - 61 "7 

Antimony 1/17 1.64 

Cadmium 

Calcium 15/17 0.026 - 0.097 
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Table 10.23.10.1 
AOCs 539 and 539 

Air Sampling Results 

Cobalt 13/17 0.0001 - 0.26 

Copper 

Magnesium 15/17 0.0055 - 0.045 

Mercury 17/17 0.0001 - 0.0067 

Nickel 16/17 0.0013 - 2.08 

Potassium 17/17 0.046 - 30.4 

Selenium 

Sodium 17/17 0.11 - 117 

Vaaad i~m 15/17 0.W.W - 0,0052 

Zinc 17/17 0.0062 - 6.61 

Note: 
clg/m3 = Micrograms per cubic meter 

Metals Detected in Air I 

Metals were detected in nearly all air samples. No residential or industrial RBCs exist for 2 

comparison to the air sampling results. 3 
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10.23.11 Fate aud Transport Assessment for Combined AOC 538 

AOC 538 is a forge shop located in the eastern portion of Building 6. AOC 539 is a propeiler 

shop located in the western extension of the same building. Both AOCs are located in areas which 

have concrete floors and which are surrounded by concrete and/or asphalt surfaces. 

Environmental media sampled as part of the combined AOC 538 RFI include surface soil, 

subsurface soil, shallow and deep groundwater, sediment, air, and wipe samples. Potential 

constituent migration pathways investigated for combined AOC 538 include soil to groundwater, 

groundwater to surface water, surface soil to sediment, and emission of volatiles from surface soil 

to air. 

10.23.11.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.23.1 1.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of 

(a) risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

No organic constituents were detected in combined AOC 538 soil above groundwater protection 

SSLs. Zyglo (99% 1,1,1-trichloroethane), the primary constituent of concern at AOC 539, was 

not detected. No inorganics were detected in combined AOC 538 soil above their respective 

generic SSLs or background reference values. 

10.23.11.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.23.11.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 
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chronic screening values). For inorganics , maximum concentrations in groundwater are compared 1 

to the greater of (a) risk-based drinking water concentrations, or (b) background reference 2 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 3 

provide a conservative first-tier screen, no attenuation or dilution of constituents in groundwater 4 

is assumed before comparison to the relevant standards. 5 

No organic compounds were detected in combined AOC 538 first-quarter groundwater samples 

(shallow or deep) above tap water RBCs or saltwater surface water screening levels. Three 

inorganics were detected in first-quarter groundwater samples above screening values. Arsenic 

was detected in one shallow groundwater sample from well NBCE538001 at a concentration 

exceeding its background reference value and its saltwater surface water chronic screening level. 

Mercury was detected at a concentration equal to its saltwater surface water chronic screening 

level in one shallow groundwater sample from well NBCE539001 and at a concentration 

marginally exceeding its surface water standard in one deep groundwater sample from well 

NBCE53901D. Siiver was detected exceeding its saltwater surface water chronic screening level 

in one shallow groundwater sample from well NBCE538001 and in one sample from deep well 

NBCE53801D. 

10.23.11.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.23.11.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a threat to surface water 
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quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for combined 

AOC 538 is 35,400: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10,23.11.4 Surface Soil-to-Sediment Cross-Media Transport 

One sediment sample was collected from a catch basin below Building 6. Tables 10.23.6.1 and 

10.23.6.2 summarize the organic and inorganic constituent concentrations detected in the sediment 

sample collected at combined AOC 538. Although many of the constituents detected in the 

sediment sample were also detected in surface soil samples, it is unlikely that constituents detected 

in surface soil are a source of contamination in catch-basin sediment since the ground surface is 

entirely paved. Constituents detected in sediment the sediment sample collected at combined 

AOC 538 are more numerous than those in soil samples and were generally detected at higher 

concentrations. Detected catch- basin sediment constituents are consistent with past metal-working 

processes that were conducted at combined AOC 538. Fate and transport for constituents detected 

in sediment from catch basins will be examined in the Zone L RFI report. 

10.23.11.5 Soil-to-Air Cross-Media Transport 

Table 10.23.11.3 lists the VOCs detected in surface soil samples collected at combined AOC 538 

along with corresponding soil-to-air volatilization screening levels. Minimal surface soil is 

exposed at combined AOC 538. In addition, no VOCs maximum concentration exceeded its 

respective soil-to-air volatilization screening level. As a result, the soil-to-air migration pathway 

is not expected to be a viable pathway at combined AOC 538. 
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10.23.11.6 Fate and Transport Summary 

No detected soil constituents exceeded their groundwater protection SSLs in the first-tier screen. 

Three inorganics - arsenic, mercury, and silver - were detected in firstquarter groundwater 

samples at concentrations exceeding their corresponding saltwater surface water chronic screening 

levels. Mercury and silver exceeded these screening levels in samples collected from both deep 

and shallow wells, while arsenic exceeded its standard in only the shallow aquifer. Arsenic also 

exceeded its background reference concentration in the shallow aquifer 

None of the constituents exceeding first-tier screening values also exceeded the adjusted screening 

values of the second-tier comparisons, indicating no threat to surface water in the Cooper River 

via the evaluated migration pathways. 



Table 10.23.11.1 
Chemicals Daected in Surface Soil, Subsurface Soil, Shallow Groundwalcr, and Deep Groundwatu 
Cmnpmson to S S b ,  Tap Watct MCs, Salt W m  Surface Water Chronic Screening Levels, and Brckground Concenkatiam: Tier One 
NAVBASE-Chuleston, Zone E: AOCa 538 and 539 
Charleston, South Carolina 

* Scrrcning Concentraliona: 
Soil to GW - Gaeric SSLs based on DAF = 10, adsptcd from 1996 EPA Soil Screening Guidance or calculated using values from Table 6.2 
Tap Water RBC - F m  EPA Region I11 Risk-Based Concentration Table, June 3, 1996 

Semivolatilc Organic Compounds 
Accnaphthcnc 
Anthrsccne 
Benzo(g,h,i)perylene 
Bcnzo(a)pyrene equivalents 

Bcnzo(a)anthraccnc 
B ~ o ( a ) P ~ ~ c  
Benzo(b)fl-thcnc 
Benzo(kfluormthcnc 
Chr~sme 
hdmo( l,L3-~dbyrcnc 

D i b e n z o h  
bk(2-EthyU~cxyl)phthalate (BEHP) 
Fluoranthcne 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
PhcnnnUuene 

m=le 
Dioxin Compounds 

Dioxin (TCDD TEQ) 

Inorganic Compounds 
Aluminum 
Antimony 
Arscnic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 

c o l J ~  
Lead 
Manganese 
Mmllcy 

Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 

Salt Water Surface Water Cfrmnic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecolagical Risk Assessmen\ November, 1995; Table 2 
In each case, the value nhom is the greater of the rclcvani screening value or the corresponding background reference value 

Unib: See notea for Table 10.1.5.1 

160 ND 
I40 ND 
400 44 

480 57 
450 73 

62 150 
740 190 
540 150 
3 20 37 
160 ND 
190 150 
690 140 
140 95 
450 220 
470 260 
830 190 
650 200 

ND 1.83 

7400 4100 
0.63 ND 

5.3 2.3 
27.5 18.8 
0.2 0.22 
3.7 1.8 

45.4 5.4 
4.7 1.2 
108 51.9 
116 53.7 
105 24.7 

0.18 0.38 
65.6 3.2 
ND 0.53 
ND 0.21 
ND 0.53 
5.9 3 

29.2 10.6 
1100 457 

ND ND 
ND ND 
ND ND 

ND ND 
ND M) 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

1 ND 
17 ND 

ND ND 
ND ND 
ND ND 

285000 2200 9.7 
5900000 11000 NA 

2.33E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 
7000 0.092 NA 

NA 150 NA 
1800000 4.8 NA 
2150000 1500 1.6 

280000 1500 NA 
63000 I500 NA 
42000 1500 23.5 

690000 1500 NA 
2100000 1100 NA 

UGKG ucn 
U ~ G  uon. 
u m o  urn 

u m o  van 
u m o  uan 
uontc UM. 

U ~ G  UGR 

u m o  van 
umc UGA 

UWKG UWL 

U ~ G  UWL 

UCKG urn  
UWKG UWL 

WG u r n  

umc u r n  

UMCG urn  
UGKG wt 

NA NA 

ND ND 
Ni) ND 

60.1 ND 
ND ND 
ND ND 
ND ND 
ND ND 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

N M G  PG& 

M ~ G  u o ~ .  

M ~ / K G  UGA 

M ~ G  uon 
M ~ G  UGA 

MWG urn 
MGIVG U05 

MWG UWL 

950 0.43 10 

41100 37000 NA 
2.5 ' 15 NA 

23.9 18.7 36 
820 2600 NA 

32 1.2 NA 
4 18 9.3, 

94.6 37000 103 j 

NO NO NO 

NO NO NO 
NO NO NO 
NO YES YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO, NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

ND ND 
ND ND 
ND M) 

74.5 189 
0.2 0.27 
M) ND 
5.9 ND 

2 2.1 
ND ND 
ND ND 
ND ND 
ND ND 

19 2200 NA! M ~ O  uon 
152 1500 2.9. M ~ / K O  UGR 

400 15 8.5 '  
881 2560 NA 
2.6 11 0.2 

77.1 730 42.2 
2.5 180 71 
17 180 0.23 

2.8 2.9 21.3 
59.4 22000 NA 

3000 260 NA 
6000 11000 86 

M G ~ G  UO& 

MONO U r n  

WG uon 
M ~ G  UM 

MMG uon 
M M G  M A  

MUKG ~ 0 &  

M ~ G  uon 
MOKG uon 
MGMG urn 
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Table 10.23.11.3 
Soil-to-hr Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 538 and 539 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 hsk-Based Concentration Table, June 1996. 
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10.23.12 Fixed-Point Risk Evaluation for AOC 538 and AOC 539 

10.23.12.1 Site Background and Investigative Approach 

AOC 538, a forge shop, and AOC 539, a propeller shop, are both located in Building 6. The 

following refers to these sites a combined AOC 538. This site is located in a highly industrialized 

portion of Zone E. As a result, the risk assessment for this site is presented as a FRE following 

the framework presented in Section 7.3. 

A total of 11 surface soil samples were considered in the combined AOC 538 FRE. Four 

monitoring wells were installed as part of the 1995 RFI. Two of these monitoring wells were 

installed into the shallow aquifer and two were installed into the deep aquifer. Groundwater data 

generated from the frrst quarter RFI sampling event are used to represent point riskhazard for the 

AOC 538 FRE. Sections 10.23.1 and 10.23.3 contain summaries of the sampling effort for 

combined AOC 538 soil and groundwater. 

10.23.12.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.23.12.1 provides CPSS summaries for combined AOC 538 soil and identifies COPCs 

based on comparison to residential and industrial IU3Cs and RCs. Based on residential RBCs, 

BEQs were identified as COPCs for combined AOC 538. Arsenic, beryllium, and chromium were 

detected in combined AOC 538 soil at concentrations above their RBCs but were eliminated from 

consideration in the residential FRE based on comparison to their background concentrations. 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 

screened out based on background concentration. 

Table 10.23.12.2 summarizes the residential CQPCs detected at each combined AOC 538 sample 

location with contribution to risk and hazard. As shown, BEQs contribute to risk for combined 

AOC 538 surface soil, exceeding 1E-06 at four of 11 locations. No COPCs were detected in 
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samples 538SB001, 538SB004, 538SB005,538SB006,538SB009, 538SB010, and 539SB001 that I 

would have contributed to risk estimates. Figure 10.23.5 is a spatial presentation of residential 2 

risk estimates for combined AOC 538 surface soil. For those samples with detected concentrations 3 

of BEQs, risk estimates range from 1E-06 to 9E-06 with an arithmetic mean risk of 2E-06 4 

(assuming a deminimus risk of 1E-07 for samples with no detectable concentrations of BEQs). 5 

No COPCs were detected in combined AOC 538 surface soil that would have contributed to HI 

estimates. 

Industrial Scenario 

Based on industrial RBCs, no COPCs for combined AOC 538 swface soil. Wilcoxon rank sum 

test analyses did not result in the inclusion of any parameter that had been screened out based on 

background concentration. 

10.23.12.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.23.12.3 provides CPSS summaries for combined AOC 538 groundwater and identifies 

COPCs. 1,2-Dichloroethene (total) and trichloroethene were identified as groundwater COPCs 

in the deep aquifer and arsenic was identified as a COPC in the shallow aquifer. COPC 

identification was based on comparison of first quarter groundwater concentrations to tap water 

RBCs, as well as corresponding background concentrations for inorganics. The maximum 

concentration of manganese reported in the deep well samples exceeded its RBC and was 

eliminated from consideration in the deep groundwater FRE based on comparison to its RCs. 

Combined AOC 538 groundwater were not sufficient to perform Wilcoxon rank sum test analyses 

(less than four sample each for shallow and deep). As a result, manganese was eliminated from 

the deep groundwater FRE based on direct comparison of its maximum concentration to its RC, 





clm~mmhd Wthg and Identificati~a uf Expmm Patbays H 
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l b @ d v w h t n  ~~~~~. ~h:- mEde 17 
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Residential use of the site would not be expected, based on current site uses and the rrature of 19 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, m 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 21 

redeveloped, the buildings and other shuctms would be demolished, snd the surface soil 22 
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Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at combined AOC 538, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for combined AOC 538. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, only 

aluminum and cadmium were reported at a concentration close to their RBCs (e.g . within 10 % of 

its RBCs). Concentrations of both of these inorganic parameters are within their respective RCs. 

Arsenic, beryllium and chromium were reported in combined AOC 538 soil at concentrations 

above their RBC benchmarks and were eliminated from consideration in the FRE based on 
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comparison to their background concentration. As a result, their contribution to risWhazard has 

not been considered in this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to riskfhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g. within 10% of its RBCs). 

Manganese was reported in combined AOC 538 deep groundwater at a maximum concentration 

above its lU3C benchmark and was eliminated from consideration in the deep groundwater FRE 

based on comparison to its background concentration. As a result, its contribution to hazard has 

not been considered in the deep groundwater FRE. 

10.23.12.5 FRE Summary 

The risk and hazard posed by contaminants at combined AOC 538 were assessed for the future site 

worker and the future site resident as sample point-specific estimates. In surface soils, the 

incidental ingestion and dermal contact pathways are reflected. The groundwater FRE was based 

on first quarter data and considers the both the ingestion and inhalation pathways. Risk and HI 

estimates are presented on Tables 10.23.12.2 and 10.23.12.4 such that a risk (E-06) or HI that 

exceeds one for any COPC at any given sample location is an indication that the concentration of 

that COPC exceeds its RGO (calculated at a target risk of 1E-06 and a target hazard quotient of 1). 

Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zone E, 
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Soil - Residential Scenario 

BEQs were detected in combined AOC 538 surface soil at concentrations above their residential 

RGOs in only four of the 11 samples. The calculated mean risk estimate was 2E-06 which is only 

marginally above the 1E-06 SCDHEC risk level of concern and is within USEPA's 1E-06 to 

1E-04 acceptable risk range. 

Soil - Site Worker Scenario 

No COPCs were identified for combined AOC 538 surface soil, based on industrial RBCs. 

Groundwater - Residential Scenario 

Arsenic was detected in shallow groundwater at a concentration above its RGO and MCL through 

all four quarters of sampling. The adjacent sites AOC 530, AOC 542, and AOC 549 also reported 

concentrations of arsenic in the shallow groundwater, however, at concentrations below its MCL. 

Thallium was detected in third quarter samples collected from monitoring wells NBCE53801D, 

NBCE53901D, and NBCE539001 at concentrations above its MCL. The average concentration 

for all monitoring wells and all four quarters of sampling, assuming one-half SQL for nondetects 

(2.5 pg/L), is only marginally above its MCL (2 pg/L). 
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Table 10.23.22.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOCs 538 and 539 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (€46) % Risk Hazard index % HI 
538 BOO1 B(a)P Equiv. ND UGJKG NA NA 

Total NA NA 

538 8004 B(a)P Equiv. ND UGJKG NA NA 
Total NA NA 

538 BOO5 B(a)P Equiv. ND UGlKG NA NA 
Total NA N A 

538 6006 B(a)P Equiv. ND UGlKG NA NA 
Total NA NA 

538 8007 B(a)P Equiv. 151.60 UGJKG 2.51 05 100.00 NA 
Total 2.5105 NA 

538 8008 B(a)P Equiv. 537.94 UGIKG 8.9085 100.00 NA 
Total 8.9085 NA 

538 BOO9 B(a)P Equiv. ND UGlKG NA N A 
Total NA NA 

538 8010 B(a)P Equiv. ND UGIKG N A NA 
Total N A NA 

539 8001 B(a)P Equiv. 
Total 

539 BOO2 B(a)P Equiv. 
Total 

ND UGIKG NA NA 
NA NA 

539 5003 B(a)P Equiv. 246.43 UG/KG 4.0810 100.00 NA 
Total 4.0810 NA 



Table 10.23.12.3 
Chemicals Present in Site Samples 
AOC 638, AOC 539 - Groundwater 

NAVBASE - Charleston 
Charleston. South Carolina 

Frequency Average 
of Range of Detected 

Screening Conc. Number 
Exceeding 

Residential 
Parameter ce Units Res. Ref. 

Deep Wells 

lnorganics 
Calcium (Ca) N 2 2 77400 - 83400 80400 NA - NA N A NA UGlL 
Iron (Fe) N 2 2 1860 - 3860 2860 N A - N A  N A NA UGIL 
Magnesium (Mg) N 2 2 9810 - 9830 9820 N A - N A  N A NA UGIL 
Manganese (Mn) 2 2 110 - 189 149.5 NA - NA 84 869 UGIL 2 
Mercury (Hg) 1 2 0.27 - 0.27 0.27 0.2 - 0.2 1. I 0.2 UGIL 
Silver (Ag) 1 2 2 .1 -2 .1  2.1 2 - 2  18 NA UGIL 

Volatiie Organics 
t,2-Dichloroethene (total) 2 2 3 - 1 2  
Trichloroethene ' 1  2 2 - 2  

Shallow Wells 

lnorganics 
Arsenic (As) 
Calcium (Ca) 
lron (Fe) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Selenlum (Se) 
Silver (Ag) 

Semivolatile Organics 
Fluorene 1 2  1 - 1  
2-Methylnaphthalene 1 2  17 - 17 

7.5 NA - NA 5.5 NA UGIL 1 
2 5 - 5  1.6 NA UGIL 1 

18.7 UGIL 1 1 
NA UGIL 
NA UGIL 
NA UG/L 

2560 UGtL 
NA UGIL 
NA UGIL 
NA UGlL 

1 10 - 10 150 NA UGIL 
17 10 - 10 1 50 NA UGIL 

Volatile Organics 
Carbon disulfide 1 2  2 - 2  2 25 - 25 100 NA UGlL 

Notes: 
' - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantitation limit 
NA - Not applicable 
UGIL - Micrograms per liter 



Table 10.23.12.4 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
AOCs 538 and 539 

NAVBASE-C harleston 
Charleston, South Carolina 

538 GO1 D 1.2-Dichloroethene (total) 3.00 UGlL NA 0.0426 4.93 
538 GO1 D Trichloroethene 

Total 

538 GO01 Arsenic (As) 
Total 

ND UGIL NA NA 
NA 0.0426 

60.1 0 UGlL 1340.7828 100.00 12.8067 87.03 
1340.7828 12.8067 

539 GOID 1,2-Dichloroethene (total) 12.00 UGIL NA 0.1705 27.97 
539 GO1 D Trichloroethene 2.00 UGlL 0.5057 100.00 0.0426 6.99 

Tota t 0.5057 0.2131 

539 GOO1 Arsenic (As) ND UGIL NA NA 
Total NA NA 
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10.23.13 Corrective Measures Considerations 

For AOCs 538 and 539, the upper and lower soil intervals and the shallow and deep groundwater 

were investigated. Based on the analytical results and the FRE, COCs requiring further evaluation 

through the CMS process were identified for the upper soil interval and the shallow and deep 

groundwater. Residential use of the site is not expected, based on current site uses and the nature 

of surrounding buildings. Current reuse plans call for continued commercial/industrial use. 

BEQs were identified as COCs in the soil below pavement. The calculated mean risk estimate was 

2E-06, which is within USEPA's 1E-06 to 1E-04 acceptable risk range. The risk-based RGO for 

BEQs is 0.06 mg/kg for a 1E-06 risk, Corrective measures that prevent infiltration and 

percolation will be considered, along with stabilization. 

Arsenic was identified as the COC in the shallow groundwater at a concentration above its risk- 

based remedial goal and MCL through all four quarters of sampling. The adjacent sites' 

AOCs 530, 542, and 549 also reported concentrations of arsenic in the shallow groundwater, but 

below its MCL. 

Thallium was identified in the deep groundwater in third-quarter samples collected from 

monitoring wells NBCE53801D, NBCE53901D, and NBCE539001 at concentrations above its 

MCL. Thallium may be a concern. 

Potential corrective measures for the impacted media and respective COCs are in 

Table 10.23.13.1. Corrective measures for combined AOC 538 are detailed in Section 9. 
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Table 10.23.13.1 
Potential Corrective Measures for AOC 538 and AOC539 

Medium Potential Corrective Measures 

S d  BEQs a) No Action 
b) hmic Remediation and 

Monitoring 
c) Conbhnent by Capping 
d) Excavation and Landfill, if 

RCRA-mnhazardous Waste 
e) in-situ, Chemical and 

Physical Treatment 
f) Ex-situ, Chemical and 

Physicat Treamnt 

Shallow Groundwater Arsenic a) No Action 
b) Intrinsic Remediation and 

Monitoring 
C) Ex-situ, Chemical and 

Physical Treatment 

Deep Groundwater ThalIrum a) No Action 
b) htrinsic Remediation and 

Monitoring 
C) Eix-situ, Chemical and 

Physical Treatment 



Tabie of Contents 

. . . . . . . . . . . . . . .  10.24 AOC 550. Boiler House. Former Building 11 1 1 10.24-1 
. . . . . . . . . . . . . . . . . . . . .  10.24.1 Soil Sampling and Analysis 10.24-1 

. . . . . . . . . . . . . . . . . .  10.24.2 Nature of Contamination in Soil 10.24-4 
. . . . . . . . . . . . . . .  10.24.3 Groundwater Sampling and Analysis 10.24. 10 

. . . . . . . . . . . .  10.24.4 Nature of Contamination in Groundwater 10.24.12 
. . . . . . . . .  10.24.5 Fate and Transport Assessment for AOC 550 10.24.13 

10.24.5.1 Soil-to-Groundwater Cross-Media Transport: 
. . . . . . . . . . . . . . . . . . . . . . . . .  Tier One 10.24.13 

10.24.5.2 Groundwater-to-Surface Water Cross-Media 
. . . . . . . . . . . . . . . . .  Transport: Tier One 10.24.14 

10.24.5.3 Soil and Groundwater-to-Surface Water 
Transport: Tier Two . . . . . . . . . . . . . . . . .  10.24.14 

10.24.5.4 Soil-to-Air Cross-Media Transport . . . . . . . .  10.24. 15 
10.24.5.5 Fate and Transport Summary . . . . . . . . . . . .  10.24.15 

10.24.6 Fixed-Point Risk Evaluation for AOC 550 . . . . . . . . . . .  10.24.18 
10.24.6.1 Site Background and Investigative Approach . 10.24-1 8 
10.24.6.2 Fixed-Point Risk Evaluation for Soil . . . . . . .  10.24. 18 
10.24.6.3 Fixed-Point Risk Evaluation for Groundwater . 10.24- 18 
10.24.6.4 Fixed-Point Risk Evaluation Summary . . . . .  10.24.19 

. . . . . . . . . . . . . . .  10.24.7 Corrective Measures Considerations 10.24.23 

List of Figures 

Figure 10.24.1 AOC 550 Soil Sample Locations . . . . . . . . . . . . . . . . . .  10.24.2 
Figure 10.24.2 AOC 550 Monitoring Well Location . . . . . . . . . . . . . . .  10.24.1 1 

List of Tables 

Table 10.24.1.1 
Table 10.24.1.2 
Table 10.24.2.1 
Table 10.24.2.2 
Table 10.24.3.1 
Table 10.24.4.1 

Table 10.24.5.1 
Table 10.24.5.2 
Table 10.24.6.1 
Table 10.24.6.2 
Table 10.24.7.1 

. . . . . . . .  AOC 550 First-Round Soil Sampling Summary 10.24.3 
. . . . . .  AOC 550 Second-Round Soil Sampling Summary 10.24.4 

. . . . . . . .  AOC 550 Organic Compounds Detected in Soil 10.24.4 
AOC 550 Inorganic Detections for Soil . . . . . . . . . . . . .  10.24.6 

. . . . . . . . . .  AOC 550 Groundwater Sampling Summary 10.24. 10 
AOC 550 Inorganic Detections for First Quarter 
Groundwater Monitoring Wells . . . . . . . . . . . . . . . . . .  10.24.12 
Tier 1 Screening Comparisons . . . . . . . . . . . . . . . . . . .  10.24. 16 
Tier 2 Screening Comparisons . . . . . . . . . . . . . . . . . . .  10.24.17 
Summary of Chemicals Present in Site Surface Soil . . . . .  10.24.20 
Summary of Chemicals Present in Groundwater . . . . . . . .  10.24.22 
Potential Corrective Measures for AOC 550 . . . . . . . . . .  10.24.23 



Drafr Zone E RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluarionr 
November 1997 

10.24 AOC 550, Boiler House, Former Building 1111 

AOC 550 is former Building 11 11, a transportable boiler house for the U.S. Marine Corps from 

1927 to 1941. The dimensions of this facility are unknown, but it is known that former 

Building 11 11 is shown at two locations on historic base maps. Personnel interviews indicate that 

this facility was transportable. No other information was found during the RFA regarding its 

design features or operating practices. 

Materials of concern identified in the Final Zone E RFI Work Plan include petroleum 

hydrocarbons and heavy metals. Potential receptors that may be exposed to site contaminants 

include current and future building users and any site workers this area may support following 

base closure. 

To fulfill the CSI objectives for AOC 550, soil and groundwater samples were collected in 

accordance with the Final Zone E RFI Work Plan, and Section 3 of this report to determine 

whether any contamination resulted from onsite activities. 

10.24.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 550 from the locations shown in Figure 10.24.1. The 

Final Zone E RFI Work Plan, proposed collecting six soil samples from the upper interval and six 

samples from the lower interval. Soil samples were also collected at both intervals for the two 

shallow monitoring well locations proposed at this site. 

First-round Sump2ing - During the first-round of soil sampling, five of the eight proposed 

upper-interval samples and five of the eight proposed lower-interval samples were collected. The 

upper- and lower-interval from three sample,locations could not be collected due to the extreme 

thickness of fill material at the site. 
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All first-round samples were submitted for analysis at DQO Level III for VOCs, SVOCs, and 1 

metals. One upper-interval sample selected as a duplicate was analyzed at DQO Level IV for 2 

Appendix IX analytical parameters, which includes the suite of parameters proposed for the site 3 

plus a more comprehensive list of VOCs and SVOCs as well as herbicides, hexavalent chromium, 4 

organophosphorus pesticides, and dioxins. Table 10.24.1.1 summarizes first-round soil sampling 5 

at AOC 550. 6 

Table 10.24.1.1 
AOC 550 

First-Round Soil Sampling Summary 

Samples Samples Analyses AnaIyses 
Interval Proposed Collected Fropased Collected Deviations 

Upper 8 5 VOCs, SVOCs, VOCs, SVOCs, Three samples were not 
and metats and metals callmed due 10 athe 

thickness of fill material. 

Lower 8 5 VOCs, SVOCs, VOCs, SVOCs, Three samples were not 
and metals and metais collected due to the 

Second-mud Sumpling - Second-round sampling was performed at AOC 550 after frrst-round 7 

analytical results were compared to the USEPA Region I11 RBCs and SSLs (April 1996). 8 

Parameters exceeding SSLs in the lower interval included metals and BEQs. Section 10.24.2 9 

details specific parameters and locations which exceeded RBCs. ID  

Two upper-interval and two lower-interval samples were proposed during second-round sampling I I 

to determine the extent of constituents detected during the initial round of soil sampling. Both 12 

upper-interval samples and both lower-interval samples were collected. 13 
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All second-round samples were submitted for analysis at DQO Level III for SVOCs and metals. I 

No duplicate samples were collected during second-round sampling. Table 10.24. I. 2 summarizes 2 

second-round soil sampling at AOC 550. 3 

Table 10.24.1.2 
AOC 550 

Second-Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval b & e d  ~oll&ed Proposed Collected Deviations 

upper 2 2 SYWs and metals SVOCs and m&ds None 

Lower 2 2 SVOCs and metals SVOCs and metals None 

10.24.2 Nature of Contamhation in Soil 4 

Organic compound analytical results for soil are summarized in Table 10.24.2.1. Inorganic s 

analytical results for soil are summarized in Table 10.24.2.2. Appendix H contains the complete 6 

data report for a11 samples collected in Zone E. 7 

Table 10.24.2.1 
AOC 550 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Corn poun d interval Detection Conc. Conc. RBC RBC 

vocs Orgflrg) 

2 - W - j  Lower 1 15 10.0 10.0 NA NA 

Carbon disulfide Lower 2/ 5 1.000 - 4.00 2.50 NA N A 

AcenaphLene Lower 2n 440- 860 650 N A NA 

Acenaphthy lene Lower ln 60.0 60.0 NA NA 
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Table 10.24.2.1 
AOC 550 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

svocs (pg/kg) 

Anbxene Lower 2i7 2% - 350 300 N A NA 

Benzo(g .h, ilperylene Lower 417 50.0 - 420 197 N A N A 

Dibenzohrao Lower 217 180 - 330 255 N A NA 

1,3-Dichlorobenzene Lower 217 140 - 250 195 N A NA 

1,4-Dichlorokqzene Lower ln 110 110 NA NA 

Fluoranthene Upper 117 140 140 8,200,000 0 

Lower 517 100 - 1,800 756 N A N A 

2-Methylnaphthalene Lower 2/7 71.B - 230 151 N A N A 

Naphthalene Lower 2/7 64.0 - 160 112 NA NA 

Phenanthrene Lower 3/7 41.0 - 1.200 747 NA N A 

Pyrene upper ln 160 160 6,100,000 0 

Lower 5ff 95.0 - 1,800 653 NA NA 

SVOCs (B(a)P Equivalents) (Irgflrg) 

B ( ~ ) P  ~ u i ~ .  upper in 26.8 26,s 780 o 

Lower 517 71.2 - 1.090 395 NA N A 

Lower 317 46.0 - 730 409 N A N A 

~e-~f fuo~~nthene  Upper ~n 180 180 7,800 o 

Lower 4/7 I 0 0  - 620 335 NA NA 

Benzo(k)fluoranthene Lower 417 66.0 - 630 264 N A N A 

Benzo(a)pyrene Lower 5rt  62.0 - 720 268 NA NA 
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Table 10.243.1 
AOC 550 

Organic Compounds Detected in Soil 

Number of 
Range of Merrn of Smples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

SVOCs (B(a)P Equivalents) (&kg) 

Chrysene Upper 117 150 150 780,000 0 

Lower 417 66.0 - 760 373 N A N A 

Dhnz(a ,h)a&mxne Lower 2)7 110+ 190 150 NA NA 

Indeno(l+2,3-cd)pyrene Lower 317 39.0 - 400 206 N A N A 

Dioxins (nghg) 

Dioxin Equiv, UPW Ill 0.0426 0.U426 43 0 

1234678-HpCDD Upper 111 1.35 1.35 N A N A 

OCDD upper 111 25.6 25.6 N A NA 

Notes: 
~glkg = Micrograms per kilogram 
ngfkg = Nanograms per kilogram 
RJ3C = Risk-based concentration 
NA = No industrial RBC established 

Table 10.24.2.2 
AOC 550 

Inorganic Detections for SOU (&kg) 

Number of 
Mean of 

Sample Freq. of 
k p l -  

RPnsr of Detected Indwtrial Reference h x d n g  
Element Interval Dc(ection Detected Conc. Conc. RBC Cone. RBC and RC 

Aluminum [Al) UPPr 71'7 2,530 - 6,290 4 3 0  100,ooO 26,600 0 

Ldwer 717 2.790 - 7,340 5 3 0  MA 41,100 NA 

Antimony (Sb) Lower 2/7 0.540 - 0.830 0.685 N A 1.60 N A 
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Table 10.24.2.2 
AOC 550 

Inorganic Dettctiop1 for Soil (mglk@ 

Number of 
Mean of sample5 

Sample Freq. of R0llge of Detected Industrial Rderence Exceeding 
Element Lntewal Meetion Dcteeted Cone. Corn. RBC Cone. RBC and RC 

Barium (Ba) Uppet 7/7 10.3 - 15.6 13.1 14,000 130 0 

Lower 717 10.2 - 60.7 27.5 N A 94.1 N A 

Beryllium (Be) Upper 5i7 0.120 - 0.260 0.1164 1.30 I .70 0 

b w c r  5# 0.160 - 0.630 0.310 NA 2.71 N A  

Cadmium (Cd) U W ~  217 0.120 - 0.150 0.135 100 1.50 0 

Lower 317 0.480 - 0.680 0.557 N A 0.960 N A 

calCiW ( C 3  UkWr '1/7 4,140 - 37,600 $4,000 NA NA N A  

Lower 711 905 - 76,fW 25.m N A N A N A 

Chromium (Cr) upper 717 3.20 - 6.80 5.20 1 ,m 94.6 0 

Lower 7/7 4.60 - 22.8 12.8 N A 75.2 N A 

Lower 7/7 1.40 - 124 34.4 N A 152 N A 

Imn (Fe) UPWr 7# 1.220 - 3,560 1.900 61 ,ooO N A 0 

Lower 717 1240 - 10,800 5,810 NA N A N A 

Lead (Pb) Upper 717 1.80 - 36.0 8.16 1,300 265 0 

Lower 717 2.10 - 306 100 N A 173 N A 

Ma$nsium(Mg) Upper 7n 264 - 548 401 N A N A N A 

b w c r  717 226 - 3.020 1.340 NA N A NA 

Manganese (Mn) Upper 717 11.4 - 32.5 22.0 4,700 302 0 

Lower 7/7 9.70 - 156 50.5 N A 881 N A 

Mercury m) U W ~  1 t? 0.0900 0.0900 58 2.60 0 

Lower 617 0.MWX) - 0.380 0.210 N A 1.59 N A 

Nickel (Ni) Upper 717 1.60 - 6.10 2.69 4.100 77.1 0 

Lower 7 n  1.10 - 13.1 5.73 N A 57.0 N A 
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Table 10.243.2 
AOC 550 

Inargdc Detections far Sdl (mg/kg) 

Number of 
~ c n n  of a@= 

Sample Freq. of Range of Detected Industrial Reference Exceeding 
Ekment l n tck r l  ~et&on ~etected ~ o n c .  coat.  RBC cone. RBC rind RC 

Potassium a) UFPr 7Jl 289 - 654 442 NA N A NA 

Lower 717 359 - f ,800 720 N A N A N A 

Selenium (Se) Upper 1 /7 0.580 0.580 1 ,000 1.70 0 

Lower 417 0.610 - 0.970 0.773 N A 2.40 N A 

Tin (Sn) Upper 2/7 1.000 - 1.30 1.15 100,000 59.4 0 

Lower 3/7 1.40 - 21.3 10.1 N A 9.23 N A 

Zinc (Zn) Upper 717 4.70 - 40.7 14.1 61.000 827 0 

Lower 717 7.10 - 248 98.0 N A 886 N A 

Notes: 
mg/kg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration 
N A = No irdustrial RBC or RC established 

Volatile Organic Compounds in Soil 

Two VOCs were detected in soil samples collected at AOC 550, with both detections occurring 

in the lower interval. No VOC exceeded its respective SSL in the lower interval. 

Semivolatile Organic Compounds in Soil 

Twenty SVOCs were detected in soil samples collected at AOC 550. Five detections occurred in 

the upper interval and 58 in the lower interval. No SVOCs were detected above their respective 

industrial RBC in the upper interval. However, one SVOC - benzo(a)anthracene - exceeded its 

respective SSL in the lower interval. 
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Benzo(a)anthracene was detected in three of seven lower-interval samples with a range of 46 to 

730 pglkg and a mean of 409 pglkg. One lower-interval sample (550SB001,730 pgkg) exceeded 

the benzo(a)anthracene SSL of 700 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOC 550. The 

upper-interval BEQ was calculated for one sample at 26.8 pglkg, below the benzo(a)pyrene 

industrial FU3C of 780 pglkg . 

Pesticides in Soil 

No pesticides were detected in soil samples collected at AOC 550. 

Other Organic Compounds in Soil 

Three dioxins were detected in the duplicate upper-interval soiI sample collected at AOC 550. No 

industrial RBCs have been established for dioxins. No lower-interval samples were analyzed for 

dioxins. In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated. 

The upper-interval TEQ was calculated for one sample at 0.0436 ngkg, below the industrial RBC 

of 1,000 nglkg. 

Inorganic Elements in Soil 

Twenty-two metals were detected in soil samples collected at AOC 550. One hundred and 

nineteen detections occurred in the upper-interval and 133 in the lower-interval. No metals 

exceeded both their respective industrial RBC and RC in the upper interval or respective SSL and 

RC in the lower interval. 
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10.24.3 Groundwater Sampling and Analysis 

The Fillal Zone E RFI Work Plan, proposed installing two shallow monitoring wells at this site; 

however, due to the close proximity of the grid-based deep and shallow well pair, one well was 

omitted. One shallow monitoring well, NBCE550001, was installed and sampled to assess 

groundwater quality at AOC 550 as shown in Figure 10.24.2. Shallow grid well NBCEGDEO22 

was designated to help characterize AOC 550. 

The grid well was sampled and analyzed for VOCs, SVOCs, pesticidesIPCBs, metals, cyanide, 

chlorides, sulfates, and TDS at DQO Level III. The sample from well 550GW001 was submitted 

for analysis at DQO Level III for VOCs, SVOCs, metals, chlorides, sulfates, and TDS. No 

duplicate groundwater samples were collected at this site. Table 10.24.3.1 summarizes 

groundwater sampling and analysis at AOC 550. 

Table 10.24.3.1 
AOC 550 

Groundwater Sampling Summary 

Wells Wells Analyses 
Depth Proposed Installed Proposed Analyses Collected Deviations 

Shallow 2 t VOCs, SVOCs, VaCs, WWs, h e  well was omitted 
metals, chlorides, metals, chlorides, due to the close 
sulfates, and TDS sulfates, and TDS proximity of grid-based 

weJ1 MCEGDE022 

The shallow monitoring well was installed at 13.5 feet bgs in the suficial aquifer in accordance 12 

with Section 3.2.3 of this report. 13 
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10.24.4 Nature of Contamhation in Groundwater 1 

Inorganic analytical results for groundwater are summarized in Table 10.24.4.1. No organic 2 

compounds were detected at this site. Appendix H contains the complete data report for all 3 

samples collected in Zone E. 4 

Tabie 10.24.4.1 
AOC 550 

Inorganic Detections for First Quarter Groundwater bg/L) 
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Reference Exceedii 
Element Detection Conc. Conc. RBC Conc. MCL RBCandRC 

Alumirmm IAl) 111 110 I10 3,700 2,810 NA 0 

Arsenic (As) 111 18.5 18.5 0.0450 18.7 50.0 0 

Barium @a) tfl 50.0 60.0 260 21 1 2,000 0 

Calcium (Ca) 111 127,000 127,000 N A N A NA N A 

Iron (Fe) 1/1 14,900 14,900 1 lo0 NA NA I 

Magnesium (Mg) 111 36.400 36,400 NA NA N A N A 

Mercury (Hg) 1/1 0.200 0.200 1.10 NA 2.00 0 

Nickel (Nil 111 1-60 1 .# 73.0 15.2 100 0 

Potassium (K) I l l  19,800 19.800 N A N A N A N A 

Sodium (Na) Ill 512.000 5 12.000 NA NA N A NA 

Vanadium (v) 111 1.70 1.70 26.0 27.3 NA 0 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No RBC or RC established 
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Inorganic Elements in Groundwater 

Shallow Groundwater 

Twelve metals were detected in the one shallow groundwater sample collected at AOC 550. One 

metal - iron - exceeded its respective tap-water MC. 

Iron was detected in well NBCE550001 (14,900 ,ug/L), exceeding its tap-water RBC of 

1,100 pg/L. No shallow groundwater RC or MCL has been established for iron. 

10.24.5 Fate and Transport Assessment for AOC 550 

AOC 550 is former Building 11 11, a transportable boiler house shown at two locations on historic 

base maps, both located on concrete and asphalt pavement. Environmental media sampled as part 

of the AOC 550 CSI include surface soil, subsurface soil, and shallow groundwater. Potential 

constituent migration pathways investigated for AOC 550 include soil to groundwater, 

groundwater to surface water, and emission of volatiles from surface soil to air. 

10.24.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.24.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of (a) 

risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

No organic compounds were detected in AOC 550 soil above generic SSLs. Cobalt was detected 

in one surface soil sample (550SEW2) above its groundwater protection SSL. Cobalt was the only 

inorganic soil constituent detected. Cobalt was not detected in subsurface soil above its generic 

SSL or its background reference value, nor was it detected in fust-quarter groundwater samples, 
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indicating that the current soil-groundwater equilibrium is sufficiently protective of the surficial 

aquifer 

10.24.5.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.24.5.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 

chronic screening values). For inorganics, maximum concentrations in groundwater are compared 

to the greater of (a) risk-based drinking water concentrations, or (b) background reference 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 

provide a conservative first-tier screen, no attenuation or dilution of constituents in groundwater 

is assumed before comparison to the relevant standards. 

No constituents were detected in AOC 550 first-round shallow groundwater samples above 

corresponding tap water RBCs, background reference values, or saltwater surface water chronic 

screening levels. As a result, the groundwater to surface water migration pathway is not expected 

to be a viable pathway at AOC 550. Arsenic was detected in the first-round sample from well 

NBCE550001 at a concentration of 18.5 pg/L below arsenic's background reference value of 

18.7 pg/L. Samples from later rounds indicated elevated arsenic concentrations, including a 

detection of 93.2 ,ug/L from well NBCE5550001, Relatively high arsenic concentrations were 

also detected in groundwater samples at nearby SWMU 65, but were determined not to be a threat 

to surface water in the Cooper River. 

10.24.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.24.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 
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been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a threat to surface water 

quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for AOC 550 

is 165,000:l (see Table 6.2.1). 

Concentrations of cobalt, the only first-tier constituent carried over to the second tier, did not 

exceed the adjusted screening levels of the second tier, indicating that site constituents in soil and 

groundwater pose no threat to human health or the environment in the Cooper River. 

10.24.5.4 Soil-to-Air Cross-Media Transport 

Table 10.24.5.3 lists the VOCs detected in surface soil samples collected at AOC 550 along with 

corresponding soil-to-air volatilization screening levels. Minimal surface soil is exposed at 

AOC 550. In addition, no VOCs detected maximum concentration exceeded its respective soil-to- 

air voIatilization screening level. As a result, the soil-to-air migration pathway is not expected to 

be a viable pathway at AOC 550. 

10.24.5.5 Fate and Transport Summary 

Cobalt, in one surface soil sample, was the only constituent detected in AOC 550 surface soil 

exceeding its corresponding background reference value in the first-tier screen. However, it did 

not exceed the adjusted screening values of the second-tier comparisons, indicating that there is 

no threat to surface water in the Cooper River via the evaluated migration pathways. 



Table 10.24.5.1 
Chemjcds Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
hparison to SSLs, Tap Water RBCI, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations: T i a  One 
NAVBASE-Charleston, Zone E: AOC 550 
Charleston, South Carolina 

* Screening Concentrations: 
Soil to GW - *tic SSLs based on DAF = 10, adapted from 1996 Soil Screening Guidance or calculated using values ftom Tablc 6.2 
Tap Water RBC - From EPA Region Ill Risk-Bared Concentration Table, June 3,1996 
Salt Water Surface Water Chronic - From EPA Supplemental Guidance b RAGS: Region 4 Bulletins, Ecological Risk Assessment, Novcmbct, 1995; Tablc 2 

In each case, the value shown is the greeter of the relevant screening value m the corresponding background reference value 

Units: See notes for Table 10.1.5.1 

Parameter 

Volatile Orgnnle Compounds 
2-Butanone (MIX) 
Carbon disulfide 

Semivolatile Organic Compounds 
Aceruphthenc 
Aoenaphthylene 
Anihracene 
Benzo(g,h,i)ptrylene 
Benzo(a)pyrcne equivalents 

Bcnzo(a)antfrracene 
B a o ( a h ~ r e n e  
Benzo(b)flumthene 
B~lzo(k)fluoranthme 

C-e 
Dibenzo(a,h)anthmcene 
Indeno(l,2,3-cd)pyrene 

Max. Concentration 

Shallow Dccp 
GW GW 

ND NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

Max Concentdon 

Surface Subsurface 
Soil Soil 

ND 10 
ND 4 

ND 860 
ND 60 
ND 350 
ND 420 

86 730 
ND 720 
180 620 
ND 630 
150 760 
ND 190 
ND 400 

Dibnuofiuan 
1,3-Dichlorobenzene 
1,4-Dichlombenzene 
Fluormthene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 

m e  

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Inorgnnic Compounds 
Aluminum 
Anlimony 
Arsenic 
Barium 
Beryllium 
Cadmum 
Chromium (total) 
Cobalt 
copper 
Lead 
Manganese 
M C ~ V  
Nickel 
Selenium 
Tin 
Vanadium 
Zinc 

Ground- Surface 
Water Wltcr 

Lmching Migration Migntion 
Potential Concern Concern 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Screening ConccntrationL 
Soil to Salt Wtr. 
GW Tap Water Surf. Wtr. 
SSL RBG Chronic 

4000 1900 NA 
16000 LOO0 NA 

285000 2200 9.7 
150000 I500 NA 

5900000 11000 NA 
2.338+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Soil Water 
Unih Unila 

umo von 
u o ~ o  won 

vmo uon 
v a ~ o  uon 
vmo urn 
umc uoh 

umo urn 
UCVKG won 
u m ~  von 
UGMG U G ~  

VGKO uon 
UGMG uod 
umo uon. 

N A 150 NA 
3000 540 28.5 
1000 0.44 19.9 

2150000 1500 1.6 
280000 1500 NA 

63000 1500 NA 
42000 1500 

690000 1500 NA 
2100000 1100 NA 

950 0.43 10 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 

3 2 1.2 NA 
4 18 9.3 

94.6 37000 103 
19 2200 NA 

152 1500 2.9 
400 15 8.5 
881 2560 NA 
2.6 I I 0.2 

77.1 730 42.2 
2.5 180 71 

59.4 22000 NA 
3000 260 NA 
6000 11000 86 

ND 330 
ND 250 
ND 110 
140 1800 
ND 600 
ND 230 
ND 160 
ND 1200 
160 1800 

0.0426 ND 

6290 7340 
ND 0.83 
2.1 6.1 

15.6 60.7 
0.26 0.63 
0.15 0.68 

6.8 22.8 
37.9 8.4 
10.2 124 

36 306 
32.5 156 
0.09 0.38 

6.1 13.1 
0.58 0.97 

1.3 21.3 
6.1 17.8 

40.7 248 

UGM urn 
vmo uan 
u w o  U(M. 

V ~ K G  uon. 
umc urn 
U ~ G  urn 

2 3 . 5 u m c u c j t  
umo urn 
umo urn 

NGNG P(UL 

MW urn 
MGKG urn 
MW urn 
M ~ O  urn 
~onco van 
M ~ G  urn 
MG urn 
MCVKG urn 
~ m o  uon 
MWG uon. 
~ m o  vcn 
M(YKO VOL 

M ~ G  vah 
MCKG U r n  

MGMG uGR 

MGMG UWL 

MMC wan 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

NA NA 

110 NA 
ND NA 

18.5 NA 
60 NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
625 NA 
0.2 NA 
1.6 NA 
ND NA 
ND NA 
1.7 NA 
ND NA 
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10.24.6 Fixed-Point Risk Evaluation for AOC 550 I 

10.24.6.1 Site Background and Investigative Approach 2 

AOC 550 was a transportable boiler house for the U.S. Marine Corp located in the former 3 

Building 11 11. This site is located in a highly industrialized portion of Zone E, and as a result, 4 

the risk assessment is presented as a FRE following the framework presented in Section 7.3. 5 

A total of seven surface soil samples were considered in the AOC 550 FRE. One monitoring well 

was installed into the shallow aquifer as part of the 1995 WI. Groundwater data generated from 

the frrst quarter RFI sampling event were considered in the screening evaluation for the AOC 525 

FRE. Sections 10.24.1 and 10.24.3 contain summaries of the sampling effort for AOC 550 soil 

and groundwater, 

10.24.6.2 Fixed-Point Risk Evaluation for Soil 

Table 10.24.6.1 provides CPSS summaries for AOC 550 soil and identifies COPCs based on 

comparison to residential and industrial RBCs, and RCs. No COPCs were identified for AOC 550 

soil for either the residential or industrial scenarios. Arsenic and beryllium were detected at a 

concentration above their residential RBCs and were both eliminated from consideration in the 

AOC 550 FRE based on comparison to their RCs. Wilcoxon rank sum test did not result in the 

inclusion of any inorganic parameter that had been screened out based on RC. 

10.24.6.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.24.6.2 provides CPSS summaries for AOC 550 groundwater and identifies COPCs based 

on comparison to residential RBCs and RCs. No COPCs were identified for AOC 525 

groundwater. Manganese was detected at a concentration above its W C ,  and was eliminated from 

consideration in the AOC 550 FRE based on comparison to its RC. Arsenic was detected in the 

first quarter sample collected from monitoring well NBCE550001 at a concentration of 18.5 pglL 

which is above its RBC (0.045 pg/L ) and close to its RC (18.7 pg1L). Subsequent quarterly 
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sampling reported concentrations of 19.9 pg/L (second quarter), 93.2 pg/L (third quarter), and 

55.9 pg/L (fourth quarter). Consequently, second, third, and fourth quarter groundwater samples 

exceeded the RC and the RBC for arsenic. Additionally, third and fourth quarter samples 

exceeded the MCL for arsenic. 

10.24.6.4 Fixed-Point Risk Evaluation Summary 

Data collected for AOC 550 surface soil and first quarter groundwater were screened according 

to the process presented in Section 7.3.4. No COPCs were identified subsequent to this screening. 

Arsenic was detected in the first quarter groundwater sample collected from monitoring well 

NBCE550001 at a concentration close to its RC. Subsequent quarterly samples collected from 

monitoring well NBCE550001 reported arsenic concentrations above its MCL. SWMU 65, 

located adjacent to AOC 550 to the west, reported arsenic concentrations in shallow and deep 

groundwater above its RC, but not above its MCL. 
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10.24.7 Corrective Measures Considerations 

For AOC 550, the upper and lower soil intervals and the shallow groundwater were investigated. 

Based on the analytical results and the FRE, a COC requiring further evaluation through the CMS 

process was identified for the shallow groundwater. No COCs were identified for AOC 550 soil. 

Residential use of the site is not expected, based on current site uses and the nature of s ~ ~ ~ o u n d i n g  

buildings. Current reuse plans call for continued comrnercial/industrial use. 

Arsenic was identified as the COC in the shallow groundwater. Arsenic was detected in the frrst- 

quarter sample from monitoring well NBCE550001 at of 18.5 pglL which is above its RBC 

(0.045 pg/L ) and close to its background reference concentration (18.7 pg/L). Subsequent 

quarterly sampling detected concentrations of 19.9 ,uglL (second quarter), 93.2 pglL 

(third quarter), and 55.9 pg/L (fourth quarter). Consequently, second-, third-, and fourth-quarter 

groundwater samples exceeded the background reference concentration and the RBC for arsenic. 

Additionally, third- and fourth-quarter samples exceeded the MCL for arsenic. 

Potential corrective measures for the impacted medium and respective COCs are in 

Table 10.24.7.1. Corrective measures for AOC 550 are detailed in Section 9. 

Table 10.24.7.1 
Potential Corrective Measures for AOC 550 

Medium 

Shallow Groundwater Arsenic a) No Action 
b) Intrinsic Remediation and 

Monitoring 
C) EX-~ittl, Chemical and 

Physieaf " F a  
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10.25 AOC 551, Boiler House, Building 1119; and AOC 552, Former Galvanizing Shop, 
Building 1030 

AOC 551 is Building 11 19, a boiler house that operated before 1942. The building appears to 

have undergone drastic renovations, or it possibly may have been demolished and a new structure 

rebuilt on the same site. A boiler was located on site, but no information was found to indicate 

the type of fuel used in it. AOC 552 is a former galvanizing shop located in Building 1030, which 

operated from 1922 to 1926. From 1926 to 1929, the building housed a tooling shop. In 1929, 

the building was converted to a storage shop and was later demolished. Currently, the site is 

paved with asphalt and traversed by a pair of railroad tracks. 

Materials of concern for AOC 551 identified in the Final Zone E RFI Work Plan include petroleum 

hydrocarbons, and heavy metals. At AOC 552, the materials of concern are inorganic acids, zinc, 

and heavy metals. Potential receptors that may be exposed to site contaminants include current 

and future building users and any site workers this area may support following base closure. 

To fulfill the CSI objectives for AOCs 551 and 552, soil and groundwater samples were collected 

in accordance with the Final Zone E MI Work Plan, and Section 3 of this report to determine 

whether any contamination resulted from onsite activities, 

10.25.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOCs 55 1 and 552 from the locations shown in Figure 10.25.1. 

The Final Zone E RFI Work Plan, proposed collecting eight soil samples from the upper interval 

and eight samples from the lower interval. Soil samples were also collected at both intervals for 

the two shallow monitoring well locations proposed at this site. 



+ - sorL BORINGS 
0 - CORE SAMPLES 

NAVAL BASE CHARLESTO 
@ - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 
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First-round Sampling - During the first round of sampling, nine of the 10 proposed upper- 

interval and nine of the 10 proposed lower-interval samples were coliected. At AOC 552, one 

upper- and one lower-interval sample could not be collected at 552SB003 due to large rocks 

encountered near the adjacent railroad tracks. 

All first-round samples were submitted for analysis at DQO Level III for VOCs, SVOCs, metals, 

and pH, Two upper-interval samples selected as duplicates were analyzed at DQO Level IV for 

Appendix IX analytical parameters, which includes the requested suite of parameters for the site 

plus a more comprehensive list of VOCs, SVOCs, as well as herbicides, hexavalent chromium, 

organophosphorus pesticides, a d  dioxins. Table 10.25.1.1 summarizes frrst-round soil sampling 

at AOCs 551 and 552. 

Table 10.25.1.1 
AOCs 551 and 552 

First-Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Roposed Collected Proposed Collected Deviations 

Upper 10 9 VOCs, SVOCs, VOCs, SVOCs, One sample could not be 
metals, and pH metals, and pH collected due to an obstruction 

Lower 10 9 VOCs, SVOCs, VOCs, SVOCs, One sample could not be 

Second-round SumpZing - Second-round sampling was performed at AOC 55 1 after first-round I I 

analytical results were compared to the USEPA Region 111 RBCs and SSLs (April 1996). 12 

Parameters exceeding RBCs and SSLs included metals and BEQs . Section 10.25.2 details specific 13 

parameters and locations which exceeded RBCs. 14 
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One upper-interval and one lower-interval sample were proposed during second-round sampling r 

to determine the extent of constituents detected during the initial round of soil sampling. The 2 

upper-interval sample at 551SB007 was collected; however, the lower-interval sample could not 3 

be collected due to subsurface obstructions in the form of large rocks. 4 

The second-round sample was submitted for analysis at DQO Level I11 for SVOCs, metals, and 5 

pH. No duplicate samples were collected during second-round sampling. Table 10.25.1.2 6 

summarizes the second-round soil sampling at AOC 551. 7 

Table 10.25.1.2 
AOCs 551 and 552 

Second-Round Sod Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Proposed Collected Deviations 

upper 1 1 SVOCs, metals, VOCs, SVOCs, None 
and PH metals, and pH 

Lower 1 0 SVOCs, metals, None Sample could not be 
and pH collected due to an 

10.25.2 Nature of Contamination in Soil 8 

Organic compound analytical results for soil are summarized in Table 10.25.2.1. Inorganic 9 

analytical results for soil are summarized in Table 10.25.2.2. Appendix H contains the complete lo 

data report for all samples collected in Zone E. 1 1  
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Table 10.25.2.1 
AOCs 551 and 552 

Organic Compounds Detected in Soil 

Range of Mean of 
Number of 

Samples 
Sampling Freq. of Detected Detected Industrial Exceeding 

Compouad Interval Detection Conc. Conc. RBC RBC 

VOCs W k g )  

Acetone upper 419 12.0 - 110 39.5 20,000,000 0 

Lower 3 8  17.0 - 580 239 NA NA 

Carbon disulfide Lower 119 2.00 2.00 N A N A 

Mwhylene chloride Upper 219 17.0 - 23.0 20.0 760.000 0 

Lower 119 30.0 30.0 NA NA 

s v o c s  (L&k.g) 

Accnaphthene Lower 119 23 .O 23 .O N A NA 

Anthracene Upper 1/10 88.0 88.0 61,000,000 0 

Lower 319 62.0 - 210 122 N A N A 

Bem@+h,i)perylene 3/10 110-220 152 8,200,000 0 

Lower 419 320 NA NA 140 - 420 

Lower 119 13.0 13.0 N A N A 

Fluoranthene Upper 5/10 120 - 280 1 84 8,200,000 0 

Lower 519 200 - 960 600 N A N A 

Fluorem Lower lt9 

2-Methy lnaphthalene Upper 1/10 88.0 88.0 8,200,000 0 

Phemmthme upper 4/10 93.0- 340 17 1 8,200,000 0 

Lower S f 9  97.0 - 970 385 NA NA 

Lower 519 280 - 1.100 696 N A N A 
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Table 10.25.2.1 
AOCs 551 and 552 

Organic Compounds Detected in Soil 

Number of 
Range of M a  of Samples 

Sampiing Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

SVOCs (B(a)P Equivalents) kglkg) 

B(a)P Equiv. UPPr 6/10 8.90 - 479 2-23 780 0 

Lower 519 142 - 1,WO 585 N A NA 

Lower 5 19 110- 800 418 N A N A 

Beaza(b)fluaranthene UWr 4/10 89.0 - 230 137 7,800 0 

Lower 1/9 430 43a NA NA 

Lower 519 120 - 800 5 14 N A N A 

Benzo(a)pyrene UP 3/10 140 - 270 180 780 0 

Lower 519 120 - 650 404 NA NA 

Chrysene U P P ~ ~  5/10 92.0 - 430 190 780,000 0 

Lower 519 140 - 810 450 N A N A 

Dibenz(a,h)anthra~ene upper 21 10 85.0 - 140 113 780 0 

Lower 319 140- 220 167 NA NA 

Lower 519 96.0 - 380 245 N A N A 

Dioxins (nglkg) 

Dioxin Equiv. upper WZ 0.0888 - 21.9 11.0 1 ,m 0 

12378PHxCDD Upper 112 3.12 3.12 N A N A 

1234678-HpCDD UPP 212 1.42 - 762 382, N A NA 

1234678-HpCDF Upper 1 12 139 139 N A N A 

1234789-HQCDF 112 6.01 6.01 NA N A  

123478-HxCDD Upper 112 0.712 0.712 N A N A 
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Table 10.25.2.1 
AOCs 551 and 552 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Dioxins (nglkg) 

123678-HxCDD UPWr J L? 15.6 15.6 NA NA 

OCDD UPW 2R 21.5 - 7,740 3,880 NA NA 

OCDF Upper 1 I2 804 804 NA NA 

Notes: 
ygkg  = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.25.2.2 
AOCs 551 and 552 

Inorganic Detections for Soil 

Number of 
Samples 

Mean of Exceeding 
Sample Freq. of Range of Detected Industrial Reference RBC and 

Element Interval Detection Detected Conc. Conc. RBC Conc. RC 

Inorganic Elements (mglkg) 

Alumiwm (Al) Upper 10i10 1,860 - 6,500 3,980 100,000 26,600 0 

h e r  919 2,480 - 7,290 4,730 NA 41,100 N A 

Antimony (Sb) Upper 7/10 0.590 - 22.2 5.00 82.0 1.77 0 

Lower 719 0.540 - 1.70 0.923 NA 1.60 NA 

Arsenic (As) UPPr lOIl0 0.680 - 13.1 3.98 3.80 23.9 0 

Lower 819 0.840 - 12'0 4.97 N A 19.9 NA 
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Tabk 10.25.2.2 
AOCs 551 and 552 

Inorganic Detections for Soil 

Number of 
Samples 

Mean of Exceeding 
Sample Freq. of Range of Detected Industrial Reference RBC and 

Element Interval Detection Detected Conc. Conc. RBC Conc. RC 

Inorganic Elements (rnw 

Barium (Ba) Upper 10110 10.5 - 179 32.0 14.000 130 0 

Lower 919 5.20 - 136 38.1 N A 94.1 N A 

Berylliumf&) Upper 900 0.140 - 0,810 0.361 1.30 1.70 0 

Lower 8/9 0.120 - 0.530 0.328 N A 2.71 NA 

Cadmium (Cd) Upper 7110 0.110 - 2.00 0.556 I00 1 .XI 0 

Lower 5 19 0.120 - 2.00 0.560 N A 0.960 N A 

Calcium (Ca) U P P ~  101 10 1,440 - 1 L1.000 34.000 NA N A N A 

Lower 9/9 755 - 44,600 15,600 N A NA N A 

Chromium (Cr) Upper 10110 4.70 - 46.1 15.7 1.m 94.6 0 

Lower 919 2.60 - 16.5 10.7 N A 75.2 N A 

Cobalt (CO) Upper I0110 0,7W - 69.8 9.26 12,000 19.0 0 

Lower 819 0.740 - 8-00 2.42 N A 14.9 NA 

Copper (Cu) Upper 10110 5.80 - 292 50.8 8,200 66.0 0 

Lower 919 0.900 - 68.8 24.1 N A 152 N A 

Iron (Fe) UPWr 10110 1,750 - 10,400 4,830 61,900 N A 0 

Lower 919 1,160 - 15.000 6,SSO N A NA NA 

Lead (Pb) Upper lot10 10.5 - 934 127 1,300 265 0 

Lower 919 2.30 - 344 102 NA 173 N A 

Magnesium @lg) Upper 10110 121 - 1,850 831 N A NA N A 

h w e r  9/9 62.1 - 1,130 671 N A NA N A 

Manganese Wn) Upper 10110 13.3 - 99.3 48.9 4,700 302 0 

Lower 919 5.70 - 148 51.1 NA 88 1 NA 
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Table 10.25.2.2 
AOCs 551 and 552 

inorganic Detections for Soil 

Number of 
Samples 

M m  of Exceeding 
Sample k q .  of Range of Detected Industrial Reference RBC and 

Element Interval Detection Detected Conc. Conc. RBC Conc. RC 

Inorganic Elements (mgkg) 

Mercury (Hg) Umr 81 10 0.0600 - 4.10 0.488 6 1 2.60 0 

Lower 7/9 0.0300 + 0.720 0.304 NA 1.59 NA 

Nickel (Ni) Upper 10110 3.00 - 38.4 8.92 4,100 77.1 0 

Lower 919 0.710 - 9.70 4.69 NA 57.0 N A 

Potassium (K) U P P ~  911 0 157 - 1,010 727 N A Ni4 N A 

Lower 919 108 - 1.220 699 NA NA N A 

Selenium (Se) U P W  2/10 0.390 - 0.690 0.540 1 .m 1.70 0 

Silver (Ag) UPP 2i 10 0,240 - 0.270 0.255 1 ,m NA 0 

Sodium (Na) Upper 91 10 78.9 - 510 20 1 N A N A N A 

Lower 619 138 - 245 182 N A N A N A 

Thatlium (Tl) Lower 2/9 0.740 - 0.760 0.750 N A NA 

Tin (Sn) Upper 5/10 2.80 - 212 47. I 100.000 59.4 0 

Lower 519 2.60 - 5.60 4.16 NA 9.23 NA 

Vanadium (V) Upper I0/10 2 3 -  21.1 9.61 IKX) 94.3 0 

tower 919 1 .U) - 19.0 10.9 N A IS5 N A 

Zinc (Zn) Upper 10110 16.6 - 843 1 44 61,000 827 0 

Lower 919 1.90 - 1,020 178 N A 886 N A 

Notes: 
pglkg = Micrograms per kilogram 
C = Risk-based concentration 
RC = Reference concentration 
NA = No RBC or RC established 
SU = Standard units 
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Volatiie Organic Compounds in Soil 

Four VOCs were detected in soil samples collected at AOCs 551 and 552. Seven detections 

occurred in the upper interval and five in the lower interval. No VOC exceeded its respective 

industrial RBC in the upper interval or respective SSL in the lower interval. 

Semivolatile Organic Compounds in Soil 

Seventeen SVOCs were detected in soil samples collected at AOCs 551 and 552. Fifty-six 

detections occurred in the upper interval and 54 in the lower interval. No SVOC exceeded its 

respective industrial RBC in the upper interval. However, one SVOC - benzo(a)anthracene - 
exceeded its respective SSL in the lower interval. 

Benzo(a)anthracene was detected in five of nine lower-interval samples with a range of 110 to 

800 pglkg and a mean of 418 pglkg . One lower-interval sample (552SB002,800 pgtkg) exceeded 

the benzo(a)anthracene SSL of 700 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOCs 551 and 

552. The upper-interval BEQ was calculated for six samples with a range of 8.90 to 479 pglkg 

and a mean of 223 yglkg. No upper-interval samples exceeded the benzo(a)pyrene industrial RBC 

of 780 pglkg. 

Other Organic Compounds in Soil 

Eleven dioxins were detected in the two duplicate upper-interval soil samples collected at 

AOCs 551 and 552, with fourteen detections occurring in the upper interval. No industrial RBCs 

have been established for the detected dioxins. 
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In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated. The 

upper-interval TEQ was calculated for two samples with a range of 0.0888 to 21.9 ng/kg and a 

mean of f 1 ng/kg. The TEQ calculation was below the industrial RBC of 1,000 ng/kg. 

Inorganic Elements in Soil 

Twenty-four metals were detected in soil samples collected at AOCs 551 and 552. One hundred 

and ninety-eight detections occurred in the upper intervd and 173 occurred in the lower interval. 

No metal exceeded both its respective industrial RBC and RC in the upper interval. One metal - 
barium - exceeded both its respective SSL and RC in the lower interval. 

Barium was detected in nine of nine lower-interval samples with a range of 5.20 to 136 mg/kg and 

a mean of 38.1 rng/kg. One lower-interval sample (551SB003, 136 mg/kg) exceeded both the 

barium SSL of 32 mg/kg and the RC of 94.1 mg/kg. 

10.25.3 Groundwater Sampling and Analysis 

One deep monitoring well and two shallow monitoring wells were installed and sampled to assess 

groundwater quality at AOCs 551 and 552 as shown in Figure 10.25.2. The wells were installed 

as follows: 

Shallow Wells - NBCE55 1001, NBCE55 1002 

• Deep Well - NBCE55 102D 

The proposed location of the deep monitoring well was originally on the southeast edge of 

Building 11 19; however, due to subsurface obstructions, the well was moved to the southwest edge 

of the building. 



- CORE SAMPLES 
- DEEP MONITORING WELLS 
- SHALLOW MONITORING WELLS 

CHARLESTON, S.C. 

- SEDIMENT SAMPLES 



Draft Zone E RCRA Facility Znvestigarion Report 
NAVBASE Charleston 

Section 10: Site-Spec@c Evaldortr; 
November 1997 

Groundwater samples were submitted for analysis at DQO Level HI for VOCs, SVOCs, metals, 1 

pH, chlorides, sulfates, and TDS. No duplicate samples were collected this site. Table 10.25.3.1 2 

summarizes groundwater sampling and analysis at AOCs 551 and 552. 3 

Table 10.25.3.1 
AOCs 551 and 552 

Groundwater Sampling Summary 

Wells Wells 
Depth Prom Iostalled Analyses Proposed Analyses Collected Deviations 

ShalIaw 2 2 'VOCs, SVOCs, VQCs, SVOCs, None 
metals, pH, metals, pH, 
&orides, sulfates, C H O W ,  sulfates, 
and TDS and TDS 

Deep 1 1 VOCs, SVOCs, VOCs, SVOCs, NBCE55102D was 
metals, pH, metals, pH, relocated to the 
chlorides, sulfates, chlorides, sulfates, southwest edge of 
and TDS and TDS AOC 551 

The shallow monitoring wells were installed at 12.5 and 13.5 feet bgs in the surficial aquifer. The 

deep well was installed at 26.7 feet bgs at the base of the surficial aquifer. All wells were installed 

in accordance with Section 3.2.3 of this report. 

10.25.4 Nature of Contamination in Groundwater 

Organic compound analytical results for shallow and deep groundwater are summarized in 

Tables 10.25.4.1 and 10.25.4.2, respectively. Inorganic analytical results for shallow and deep 

groundwater are summarized in Tables 10.25.4.3 and 10.25.4.4, respectively. Appendix H 

contains the complete data report for all samples collected in Zone E. 
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Table 10.25.4.1 
AOCs 551 and 552 

Organic Compounds Detected in First Quarter Groundwater hg/L) 
Sballow Monitoring Wells 

Number of 
Range of Mean of Samples 

h q .  of Detected Detected TapWater Exceeding 
Compound Detection Conc. Conc. RBC MCL RBC 

s v o c s  

Notes: 
pgtL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 

Table 10.25.4.2 
AOCs 551 and 552 

Organic Compounds Detected in First Quarter Groundwater 
Deep Monitoring WeU 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap-Water Exceeding 
Compound Detection Cone. Conc. RBC MCL RBC 

v o c s  

Trichloroethene 111 2.00 2.00 1.60 5 1 

Notes: 
@g/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
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Table 10.25.4.3 
AOCs 551 and 552 

loorganic Dehdom for First Qunrter Groundwater 
Shallow Monttol.lng Wells 

Number of 
Rnnge of Mtnn of 

Fnq. of Detected ktcded Tapwater Refertnce Exceeding 
Element Detection Cone. Conc. RBC Conc. MCL RBC and RC 

Iron (Fe) 212 977 - 14.600 7.790 1,100 NA N A 1 

Manganese (Mn) 212 130 - 450 290 84.0 2,560 N A 0 

Sodium (Na) 112 216,000 216,000 N A NA N A N A 

Notes: 
pg/L. = Micrograms per liter 
RBC = hsk-based concentration 
MCL = Maximum corunminant level 
RC = Reference concentration 
NA = No RBC, MCL. or RC established 
SU = Standstdunits 

Table 10.25.4.4 
AOCs551 and552 

Inorganic Detections for First Quarter Groundwater 
Deep Monitoring Well 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected TapWater Reference Exceeaing 
Element Detection Cone. Conc. RBC Conc. MCL RBC andRC 

Arsenic (As) 1/1 21,2 21,2 O+#N 16.4 50 1 

Barium (Ba) 111 18.7 18.7 260 218 2,000 0 

Calcium (Ca) Ill 6 4 ~ ~  fjuC'o NA NA NA NA 

Iron (Fe) 111 2,570 2,570 1,100 N A N A 1 
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Table 10.25.4,4 
AOCs 551 and 552 

Inorganic Detections for First Quarter Groundwater 
Deep Monitoring Well 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tapwater Reference Exceediug 
Eiement Detection Conc. Conc. RBC Conc. MCL RBCandRC 

Magnesium (Mg) 1/1 4,820 4,820 NA NA N A  N A 

Manganese (Mn) 111 317 317 84.0 869 N A 0 

Mercury W) l f  1 0.290 0,200 1.10 0.2 2.00 o 

Potassium (K) 111 3,790 3,790 N A NA N A N A 

Notes: 
@g/L = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 
SU = Standard units 

Volatile Organic Compounds in Groundwater 1 

Deep Groundwater 2 

Two VOCs - tetrachloroethene and trichloroethene - were detected in the one deep groundwater 3 

sample collected at AOC 55 1 (no deep wells were installed at AOC 552). Both VOCs exceeded 4 

their respective tap-water RBC. 5 

Tetrachloroethene was detected in well NBCE55102D (2.0 pg/L), exceeding its tap-water RBC 6 

of 1.10 pglL. The detection did not exceed the tetrachloroethene MCL of 5.00 pglL. 7 
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Trichloroethene was detected in well NBCE55 102D (2.0 pg/L), exceeding its tap-water RBC of 

1.60 pg/L. The detection did not exceed the trichloroethene MCL of 5.00 pg/L. 

Semivolatile Organic Compounds in Groundwater 

Shallow Groundwater 

One SVOC - acenaphthene - was detected in one of two shallow groundwater samples collected 

at AOC 551 (no shallow groundwater wells were installed at AOC 552). The SVOC did not 

exceed its respective tap-water RBC. No MCL has been established for acenaphthene. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Seven metals were detected in shallow groundwater samples collected at AOC 551. One metal - 
iron - exceeded its respective tap-water RBC. 

Iron was detected in two of two samples with a range of 977 to 14,600 pg/L and a mean of 

7,790 pglL. One sample from we11 NBCE551002 (14,600 pg/L) exceeded the iron tap-water RBC 

of 1,100 pg/L. No deep groundwater RC or MCL has been established for iron, 

Deep Groundwater 

Nine metals were detected in the one deep groundwater sample collected at AOC 551. Two 

metals - arsenic and iron - exceeded both their respective tap-water RBC and deep groundwater 

RC (where applicable). 

Arsenic was detected in well NBCE55102D (21.2 pg/L), exceeding both its tap-water RBC of 

0.0450 pglL and deep groundwater RC of 16.4 1glL. The detection did not exceed the arsenic 

MCL of 50 pg/L. 

Iron was detected in well NBCE55102D (2,570 pg/L), exceeding its tap-water RBC of 

1,100 pglL. No deep groundwater RC or MCL has been established for iron. 
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10.25.5 Fate and Transport Assessment for Combined AOC 551 

AOC 551 is Building 11 19, a former boiler house. AOC 552 is a former galvanizing shop located 

in former Building 1030. The physical setting for both AOCs consists primarily of concrete and 

asphalt pavement, with the exception of a m o w  strip of grass along the west side of 

Building I1 19. Environmental media sampled as part of the combined AOC 551 CSI include 

surface soil, subsurface soil, and shallow and deep groundwater. Potential constituent migration 

pathways investigated for combined AOC 551 include soil to groundwater, groundwater to surface 

water, and emission of volatiles from surface soil to air. 

10,25.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.25.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of (a) 

risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Methylene chloride and benzo(a)anthracene were the only organic compounds detected in 

combined AOC 551 soil at or above their corresponding groundwater protection SSLs. Methylene 

chloride exceeded its SSL in two duplicate surface soil samples (551SB002 and 551SB006) and 

in one subsurface soil sample (552SB001), but was not detected in first-quarter groundwater 

samples. Benzo(a)anthracene was reported at 800 pglkg in subsurface soil sample 552SB002, 

equaling its generic SSL, but was also not detected in groundwater samples. 

Six inorganics - antimony, cobalt, copper, lead, mercury, and tin - were detected in soil above 

their respective generic SSLs or background reference values. Antimony was detected at a 

concentration exceeding its generic SSL in two surface samples (551SB004 and 551S3006). 
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Cobalt, copper, lead, and mercury were detected at concentrations exceeding their respective 

generic SSLs or background reference values in the same surface soil sample (551SB006). Tin 

was detected at a concentration exceeding its background reference value in one surface soil 

sample (55 1SB004). None of these inorganic constituents was detected above its screening level 

in subsurface soil samples, nor were they detected in firstquarter groundwater samples, indicating 

that the current soil-groundwater equilibrium is sufficiently protective of the surficial aquifer. 

Slightly elevated concentrations of zinc in soil samples (maximum 843 mglkg in surface soil and 

1,020 mglkg in subsurface soil, both from sample location 55 1SB006) likely reflect past site use 

as a galvanizing shop, but these concentrations are below the zinc generic SSL of 6,000 mglkg. 

10.25.5.2 Groundwater-&Surface Water Cross-Media Transport: Tier One 

Table 10.25.5.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 

chronic screening values). For inorganics, maximum concentrations in groundwater are compared 

to the greater of (a) risk-based drinking water concentrations, or (b) background reference 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 

provide a conservative first-tier screen, no attenuation or dilution of constituents in groundwater 

is assumed before comparison to the relevant standards. 

No organic compounds were detected in combined AOC 55 1 first-quarter groundwater samples 

(shallow or deep) at concentrations exceeding tap water RBCs or saltwater surface water chronic 

screening levels. No inorganics were detected in firstquarter groundwater samples from shallow 

wells at concentrations exceeding tap water RBCs or background reference values. Arsenic was 

the only inorganic detected in a first-quarter deep groundwater sample (NBCE55102D) at a 

concentration exceeding its respective background reference value. However, the detected 
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concentration of 21.2 pglL is below the arsenic MCL of 50 pg/L and its saltwater surface water 

chronic screening level of 36 pg1L. 

10.25.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.25.5.2 provides a second screening tier for a11 constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecologicavhuman health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a threat to surface water 

quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for combined 

AOC 55 1 is 69,600: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.25.5.4 Soil-to-Air Cross-Media Transport 18 

Table 10.25.5.3 lists the VOCs detected in surface soil samples collected at combined AOC 551 19 

along with corresponding soil-to-air volatilization screening levels. Minimal surface soil is 20 

exposed at combined AOC 55 1. In addition, no VOCs maximum concentration exceeded its 21 

respective soil-teak volatilization screening level. As a result, the soil-to-air migration pathway 22 

is not expected to be a viable pathway at combined AOC 551. 23 
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10.25.5.5 Fate and Transport Summary 

In the first-tier screen, six inorganics were detected at concentrations exceeding their respective 

generic SSLs or background reference values in one or two surface soil samples each. Their 

detected concentrations in subsurface soil did not exceed groundwater protection SSLs, nor were 

they detected in groundwater samples. Arsenic exceeded its background reference value in the 

single first-quarter sample from the deep well NBCE55102D, although its concentration in this 

sample was less than its MCL. 

None of the constituents exceeding firs-tier screening values also exceeded the adjusted screening 

values of the second-tier comparisons, indicating no threat to surface water in the Cooper River 

via the evaluated migration pathways. 



Tablc 10.25.5.1 
Chemicals Dctccled in Surface Soil, Subnnfrcc Soil. Shallow Groundwater, and Deep Groundwater 
Comparison to SSLs, Tap Water RBCr, Salt Wakr Surface Water Chronic Screening Lewt. and Baokgbund Conccntratim: Tier Oat 
NAVBASE-Charleaton, Zone E: AOCs 55 1 and 5 52 
Charleston, South Carolina 

* Screening Concentrations: 
Soil to GW - Generic SSLs based on DAF = 10, adapted fkom 1996 EPA Soil Scrcming Guidance or calculated using values h m  Table 6.2 
Tap Water RBC - From EPA Region 111 Risk-Based Concentration Table, June 3.1996 
Salt WptCr Surface Water Chronic - F m  EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Arxrrmcnt, Novcmbcr, 1995; Table 2 

In each mse, the value shown is the greater of the relevant screening vatue or the cwrespooding background reference valuc 

Units See n o h  for Tsblc 10.1.5.1 

Ground- Surface 
WaLcr Water 

Lesohing Mi@m Miption 
Potential Con- COII- 

NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
N O  NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
M S  NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

m 

Soil Water 
Unib Unib 

WG um 
WG ~ b 2  

u m o  ~ b 2  

u m o  urn 
u m o  urn 
u w o  urn 

u r n  vah 

umo urn 
u m a  urn 

ucvrco uat 
U ~ G  u ~ .  

utvvo ucn 
WWG urn 
U ~ G  urn 
u m o  urn 
uma uon 
umo u a ~  
umo uoh 
umo urn 
UGKO uak. 
U(VKG urn 
UCYKG UGL 

u m o  uon 

~0x0 PWL 

MM;G uon. 
MGKQ urn 
MWKO urn 
WG urn 
MG%G U O ~  

M ~ G  urn 
w o  urn  
MMG urn 
WKG u a ~  
MMG UWL 

MWG urn 
MWG uw 
M ~ O  w 

7 1 ~ 0  uon. 
M ~ G  ucln 

2 1 . 3 ~ ( ~ ( 0  V O ~  

MW V O ~  

MMO UOA 

M ~ O  urn 

Screening Coocentration * 
Soil to Salt Wtr. 
OW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
16000 1000 NA 

10 4.1 2560 
30 1.1 45 
30 1.6 NA 

13000 1300 NA 

285000 2200 9.7 
5900000 11000 NA 

2.33E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

N A 150 NA 
2300000 3700 3.4 
2150000 1500 1.6 
280000 1500 NA 

63000 1500 NA 
690000 1500 NA 

2100000 1100 NA 

950 0.43 10 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 
32 1.2 NA 

4 18 9.3 
94.6 37000 103 

19 2200 NA 
152 1500 2.9 
400 15 8.5 
881 2560 NA 
2.6 I1  0.2 

77.1 730 42.2 
2.5 i 80 
17 180 0.23 

2.8 2.9 
59.4 22000 NA 

3000 260 NA 
6000 11000 86 

Mu. Concentration 

Shdlow Deep 
GW GW 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

2 ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

NA NA 

ND ND 
ND ND 
ND 21.2 
ND 18.7 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
450 317 
ND 0.2 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
1 . I  ND 
ND ND 

Parrvnctcr 

Volatllc O m i c  Compounds 
Acetone 
Carbon dimlfide 
Mcthylcnc chloride 
Tctrachlorocthme 
Triohlorocthcne 
Trichlorofluoromcthanc 

Semkoldile Orgnnle Campounds 
Aocnaphthme 
Anthraocnc 
Bcnzo(&ki)pcrylene 
Bcnzo(a)pyrenc equivalcnta 

Benzo(a)anthracme 

Bn~o(a)PYnrn 
Bcllzo(b)fluormthene 
Benz~)flwrantfiene 
Chlyatne 
Di benzo(a,h).nthraccne 
hdcno(t,z3-cd)pymre 

D i k o f u r a n  
Di-n-butylphthalale 
Flwranthene 
Fluorene 
2-Methylnaphthalene 
Phenanthrmc 
P Y K ~ ~  

DLoxln Compounds 
Dioxin (TCDD TEQ) 

I n o r p d c  Compound8 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Coball 

coppsr 
Lead 
Manganese 
Mmur~ 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 

Max. Concmtration 

Surface Subsdace 
Soil Soil 

110 5 80 
ND 2 
23 30 

ND 2 
ND 2 

4 ND 

ND 23 
88 210 

220 420 

230 800 
270 650 
220 430 
400 800 
430 810 
140 220 
220 3 80 

16 13 
77 ND 

280 960 
ND 16 
88 340 

340 970 
310 1100 

21.9 ND 

6500 7290 
22.2 1.7 
13.1 12 
179 136 

0.81 0.53 
2 2 

46.1 16.5 
69.8 8 
292 68.11 
934 344 
99.3 148 

4.1 0.72 
38.4 9.7 
0.69 ND 
0.27 ND 
ND 0.76 
212 5.6 
21.1 19 
843 1020 
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Table 10.25.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOCs 55 1 and 552 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region I11 Risk-Based Concentration Table, June 1996. 
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10.25.6 Fixed-Point Risk Evaluation for AOC 551 and AOC 552 

10.25.6.1 Site Background and Investigative Approach 

AOC 551 was a former boiler house located in Building 1119 and AOC 552 is a former 

galvanizing shop located in Building 1030. Building 1119 is currently used as production o f f i s .  

The following refers to these sites a combined AOC 551. This site is located in a highly 

industrialized portion of Zone E. As a result, the risk assessment for this site is presented as a 

FRE following the framework presented in Section 7.3. 

A total of 10 surface soil samples were considered in the combined AOC 551 FRE. Three 

monitoring wells were installed as part of the 1995 RFI. Two of these monitoring wells were 

installed into the shallow aquifer and one was installed into the deep aquifer. Groundwater data 

generated from the first quarter RFI sampling event are used to represent point risWhazard for the 

AOC 538 FRE. Sections 10.25.1 and 10.25.3 contain summaries of the sampling effort for 

combined AOC 551 soil and groundwater. 

10.25.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.25.6.1 provides CPSS summaries for combined AOC 551 soil and identifies COPCs 

based on comparison to residential and industrial RBCs and RCs. Based on residential RBCs, 

antimony, BEQs, lead, and mercury were identified as COPCs for combined AOC 55 1. Arsenic, 

beryllium, and chromium were detected in combined AOC 551 soil at concentrations above their 

RBCs but were eliminated from consideration in the residential FRE based on comparison to their 

RCs. Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had 

been screened out based on RCs. 

Table 10.25.6.2 summarizes the residential COPCs detected at each combined AOC 551 sample 

location with contribution to risk and hazard. As shown, benzo(a)pyrene equivalent compounds 
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contribute to risk for combined AOC 551 surface soil, exceeding 1E-06 at five of 10 locations. 

No carcinogenic COPCs were detected in samples 551SB001, 551SB005, 551SB007, and 

552SB001 Figure 10.25.3 is a spatial presentation of residential risk estimates for combined 

AOC 551 surface soil. For those samples with detected concentrations of BEQs, risk estimates 

range from 1E-07 to 8E-06 with an arithmetic mean risk of 2E-06 (assuming a deminimus risk of 

1E-07 for samples with no detectable concentrations of benzo(a)pyrene equivalent compounds). 

COPC surface soil concentrations were not associated with HI estimates above unity at any sample 

locations, based in the residential scenario. HIS ranged from 0.0027 to 0.8. 

Industrial Scenario 

Based on industrial RBCs, no COPCs were identified for combined AOC 551 surface soil. 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 

screened out based on RC. 

10.25.6.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.25.6.3 provides CASS summaries for combined AOC 551 groundwater and identifies 

COPCs. Arsenic, tetrachloroethene and trichloroethene were identified as groundwater COPCs 

in the deep aquifer and no COPCs were identified in the shallow aquifer. COPC identification was 

based on comparison of first quarter groundwater concentrations to tap water RBCs, as well as 

corresponding RCs for inorganics. The maximum concentration of manganese reported in the 

deep well samples exceeded its RBC and was eliminated from consideration in the deep 

groundwater FRE based on comparison to its RCs. AOC 551 groundwater data were not sufficient 

to perform Wilcoxon rank sum test analyses (less than four samples each for shaflow and deep). 
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As a result, manganese was eliminated from the deep groundwater FRE based on direct 

comparison of its maximum concentrations to its RC. 

Table 10.25.6.4 summarizes the COPCs identified in combined AOC 551 monitoring wells 

sampled during the first quarter. The concentration of arsenic in the groundwater sample collected 

from NBCE55102D was the primary contributor risk estimates resulting in a risk of SE-04. The 

concentration of tetrachloroethene in the groundwater sample collected from monitoring well 

NBCE55102D was a secondary contributor equating with a risk of 2E-06. Neither of the first 

quarter groundwater samples collected from the shallow water bearing zone had concentrations 

of COPCs. Figure 10.25.4 illustrates the groundwater data as a function of point-specific risk 

projections. 

Monitoring well NBCE55102D produced first quarter results corresponding with a HI of 

approximately 5 ,  due primarily to the concentration of arsenic. No other first quarter groundwater 

samples were associated with hazard projections above unity. Figure 10.25.5 illustrates the 

groundwater data as a function of point-specific hazard projections. 

10.25.6.4 Uncertainty 

AOC 551 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to overestimate 

exposure. 
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Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentJfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at combined AOC 551, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly udikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of RiskMazard 

Soil 

A conservative screening process was used to identify COPCs for combined AOC 551. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens the RBCs are based on a conservative target risk of 1 E-06. Use of conservative 

WCs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the 

CPSSs screened and eliminated from formal assessment based on comparison to RBCs, only 

copper was reported at a concentration close to its RBCs (e.g. within 10% of its RBCs). 
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Arsenic, beryllium and chromium were reported in combined AOC 55 1 soil at concentrations 

above their RBC benchmarks and were eliminated from consideration in the FRE based on 

comparison to their RC. As a result, their contribution to risWhazard has not been considered in 

this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBC (e.g. within 10 % of its RBC). 

Manganese was reported in combined AOC 551 shallow and deep groundwater at a maximum 

concentration above its RBC benchmark and was eliminated from consideration in the groundwater 

FRE based on comparison to its respective RCs. As a result, its contribution to hazard has not 

been considered in the deep groundwater FRE. 

10.25.6.5 FRE Summary 

The risk and hazard posed by contaminants at combined AOC 551 were assessed for the future site 

worker and the future site resident as sample point-specific estimates. In surface soils, the 

incidental ingestion and dermal contact pathways are reflected. The groundwater FRE was based 

on first quarter data and considers the both the ingestion and inhalation pathways. Risk and HI 

estimates are presented on Tables 10.25.6.2 and 10.25.6.4 such that a risk (E-06) or HI that 

exceeds one for any COPC at any given sample location is an indication that the concentration of 

that COPC exceeds its RGO (calculated at a target risk of IE-06 and a target hazard quotient of 1). 

Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zone E. 
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Soil - Residential Scenario I 

Benzo(a)pyrene equivalent compounds were detected in combined AOC 551 surface soil at 2 

concentrations above their residential RGOs in five of the 10 samples. The calculated mean risk 3 

estimate was 2E-06 which is only marginally above the 1E-06 SCDHEC risk level of concern and 4 

is within USEPA's 1E-06 to 1E-04 acceptable risk range. 5 

Soil - Site Worker Scenario 

No COPCs were identified for combined AOC 551 surface soil, based on industrial RBCs. 

Groundwater - Residential Scenario 

Arsenic was detected in deep groundwater at a concentration above its RGO and RC through all 

four quarters of sampling. However, arsenic was not detected in groundwater above its MCL 

through four quarters of sampling. Tetrachloroethene was detected in deep groundwater above 

its RGO in the sample collected in the f ~ s t  quarter, but was not detected in subsequent quarterly 

samples. 

Thallium was detected in fourth quarter samples collected from monitoring wells NBCE55 1001 

and NBCE551002 at concentrations above its MCL. The average concentration for both shallow 

monitoring wells and a11 four quarters of sampling, assuming one-half SQL for nondetects, is 

2.5 pg/L, which is only marginally above its MCL (2 pg/L). 
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Table 10.25.6.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
AOCs 551 and 552 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
551 BOO1 Antimony (Sb) ND MGIKG NA N A 
551 8001 B(a)P Equiv. ND UGlKG NA NA 
551 BOO1 Lead (Pb) 17.90 MGIKG NA NA 
551 BOO1 Mercury ( H ~ )  

Tota t 
0.06 MGlKG 0.0027 100.00 NA 

0.0027 NA 

551 8002 Antimony (Sb) ND MG/KG NA NA 
551 BOO2 B(a)P Equiv. 164.14 UGIKG N A 2.7182 100.00 
551 8002 Lead (Pb) 36.40 MGIKG N A NA 
551 BOO2 Mercury (Hg) 0.07 MGIKG 0.0032 100.00 NA 

Total 0.0032 2.71 82 

551 BOO3 Antimony (Sb) 0.97 MGlKG 0.0333 90.09 NA 
551 BOO3 B(a)P Equiv. 173.26 UGIKG N A 2.8693 100.00 
551 8003 Lead (Pb) 74.10 MGlKG NA NA 
551 BOO3 Mercury (Hg) 0.08 MGIKG 0.0037 9.91 NA 

Total 0.0369 2.8693 

551 6004 Antimony (Sb) 22.20 MGIKG 0.7610 99.46 NA 
551 BOO4 B(a)P Equiv. 273.45 UGIKG NA 4.5284 100.00 
551 BOO4 Lead (Pb) 78.80 MG/KG N A NA 
551 BOO4 Mercury (Hg) 

Total 
0.09 MGlKG 0.0041 0.54 NA 

0.7651 4.5284 

551 BOO5 Antimony (Sb) 0.83 MGIKG 0.0285 84.98 N A 
551 BOO5 B(a)P Equiv. ND UGIKG NA NA 
551 BOO5 Lead (Pb) 24.10 MGlKG N A NA 
551 8005 Mercury (Hg) 

Total 

551 8006 Antimony (Sb) 8.50 MGIKG 0.2914 60.86 NA 
551 8006 B(a)P Equiv. 478.63 UG/KG N A 7.9263 700.00 
551 6006 Lead (Pb) 934.00 MGIKG NA NA 
551 BOO6 Mercury (Hg) 4.10 MGIKG 0.1874 39.14 N A 

Total 0.4788 7.9263 

551 8007 Antimony (Sb) 0.59 MGIKG 0.0202 81.57 NA 
551 BOO7 B(a)P Equiv. ND UGlKG NA NA 
551 BOO7 Lead(Pb) 27.20 MGIKG NA NA 
551 BOO7 Mercury (Hg) 0.1 0 MGIKG 0.0046 18.43 N A 

Total 0.0248 NA 



Table 10.25.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOCs 551 and 552 

NAVBASE-C harleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
552 BOO7 Antimony (Sb) ND MGJKG NA NA 
552 BOO1 B(a)P Equiv. ND UGIKG NA NA 
552 8001 Lead (Pb) 10.50 MGIKG NA NA 
552 BOO1 Mercury (Hg) 

Total 
ND MGlKG NA 

NA 

552 8002 Antimony (Sb) 1 .OO MGIKG 0.0343 100.00 NA 
552 BOO2 B(a)P Equiv. 240.14 UGIKG NA 3.9768 100.00 
552 BOO2 Lead (Pb) 41.70 MGIKG NA NA 
552 BOO2 Mercury (Hg) 

Total 
ND MGIKG NA NA 

0.0343 3.9768 

552 8004 Antimony (Sb) 0.89 MGlKG 0.0305 88.12 NA 
552 8004 B(a)P Equiv. 8.90 UGlKG NA 0.1474 100.00 
552 8004 Lead (Pb) 29.60 MGIKG NA NA 
552 BOO4 Mercury (Hg) 0.09 MGJKG 0.0041 11.88 NA 

Total 0.0346 0.1474 



Table 10.25.6.3 
Chemicals Present i n  Site Samples 

AOC 551 -Groundwater 
NAVBASE - Charleston, Zone E 

Charleston, South Carolina 

Screening Conc. Number 
Average Exceeding 

Frequency Range of Detected Residential 
Parameter of Detection Detection Concentration Ranqe o f  SQL RBC Reference Units Res. Ref. 

Deep Wells 

lnogranics 
Arsenic (As) 
Banurn (Ba) 
Calcium (Ca) 
lron (Fe) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Potassium (K) 
Sodium (Na) 

Volatile Organics 
Tetrachioroethene ' 1  1 2 - 2  
Trrchtoroethene ' 1  1 2 - 2  

16.4 UGIL 1 1 
218 UGiL 
NA UGiL 
NA UGiL 
NA UGiL 
869 UG/L 1 
0.2 UGiL 1 
NA UGIL 
NA UGiL 

2 NA - NA 1.1 NA UGIL 1 
2 NA - NA 1 6  NA UGiL 1 

Shallow Wetts 

lnorganics 
Calcium (Ca) N 2 2 105000 - 112000 108500 NA - NA N A NA UGIL 
Iron (Fe) N 2  2 977 - 14600 7788.5 NA - NA N A NA UGIL 
Magnesium (Mg) N 2 2 14800 - 70400 42600 NA - NA N A NA UGlL 
Manganese (Mn) 2 2 130 - 450 290 NA - NA 84 2560 UGiL 2 
Potassium (K) N 2 2 8600 - 37700 23150 NA - NA N A NA UGiL 
Sodium (Na) N 1 2 216000 - 216000 216000 38200 - 38200 N A NA UG/L 
Vanadium (V) 1 2  1 1  - 1 1  1.1 1 - 1  26 5.3 UGIL 

Volatile Organics 
1 2  2 - 2  2 10 - 10 220 NA UGIL 

Notes: 
' - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantitat~on l~mit 
UGiL - micrgrams per kilograms 
NA - Not appl~cable 



Table 10.25.6.4 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
AOCs 551 and 552 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
551 G02D Arsenic 21.20 UGIL 481.8182 99.56 4.5106 98.51 
551 G02D Tetrachloroethene 2.00 UGlL 1.6072 0.33 0.0256 0.56 
551 G02D Trichloroethene 2.00 UGIL 0.5057 0.10 0.0426 0.93 

Total 483.931 0 4.5788 

551 GOO? No COPCs ND UGIL NA NA 
Total NA NA 

551 GO02 No COPCs ND UGIL NA NA 
Total NA NA 
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Table 10.25.7.1 
Potential Corrective Measures for AOC 551 and AOC 552 

Shallow Groundwater Thallium a) No Action 
b) Intrinsic Remediation and 

Monitoring 
C) Ex-situ, Chemical and 

Physical Treatment 

Deep Groundwater Arsenic and tettachlohem a) No Action 
b) fntrhsic Remediation and 

M w i W  
C) Ex-sib, &mid and 

Physia, T r e m f  
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